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Preface

For the past five years the Buoy Group at Woods Hole Oceanographic

Institution has included temperature as one of the variables recorded

in its current meters. These measurements began with the first success-

ful deployments of Vector Averaging Current Meters (VACMs) in 1971.

Circuitry designed for making highly accurate temperature measurements

has been included in all the Buoy Project’s VACMs. During the past year

we have begun to add similar circuitry to the EG&G 850 current meters.

This report is intended to descrit~what we have learned about making

water temperature measurements with VACMs.

Among the authors, K. Schleicher and A. Bradshaw are responsible

f or thermistor calibrations, J. Dean for quality control of VACM main-

tenance and calibration work, and R. Payne for data analysis.
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1. Introduction

The Vector Averaging Current Meter (VACM) was designed several years

• ago by engineers at the Woods Hole Oceanographic Institution in response

to the needs of scientists associated with the Buoy Project at that

Institution. After the first few prototypes were built and tested the

design was turned over to the AMF Electrical Products Division of Alexandria,

Virginia which builds and sells the instrument. Included in the original

design and ir~ the standard instrument sold by AMF is circuitry capable of

making accurate temperature measurements. This report describes calibration

techniques we have found effective for both sensor and electronics as

weil as evaluations of the performance of the two components independently

and as a system.

Sj~stem description

A thermistor is mounted in the lower plate of a chassis assembly

which, in turn, is mounted on the end plate of the pressure housing of

the VACM. An electrical current through the thermistor is sensed by an

electronic circuit which provides a series of pulses whose rate is pro-

portional to the current. These pulses are summed , typically, over a
15 minute interval and the total recorded as part of the VACM data record
on a magnetic tape cassette. This arrangement allows true time averaging

of the thermistor resistance over the entire recording interval. For

most oceanographic applications this is equivalent to a time average of

temperature. This technique has been used since about 1971 and has

proved to be quite reliable and accurate.

The standard VACM uses a Yellow Springs Instrument Corp. (YSI)

thermistor, part #44032, with 0.10 C interchangeability. In addition to

these we have recently been using in our routine operations some Ther—

mometrics Corp. thermistors with quite similar characteristics developed

for the Internal Wave Experiment (IWEX) . This report will describe results

on the YSI thermistors only since we have accumulated the most experience

with them. The epoxy encapsulated thermistors are potted in an aluminum

screw for attachment to the VA~M chassis. The nominal resistance of the

thermistor is 30,000 ohms at 25° C with a temperature coefficient of

—4.5 %/° C.

~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~ 
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The thermal time constant (time required for the thermistor to

sense 63% of a step change in temperature) for the device when installed

in a VACM end cap is a function of water current speed and has been

measured to be approximately 100 seconds for an average current of

14 cm/sec.

We believe that the absolute accuracy of our temperature measurements

in VACMs is better than .01° C. This has been substantiated by the

intercomparisons described in this report and by analysis of the errors

inherent in the the instrument (Section 6). Thermistor stability and

the practical difficulties of making extremely precise temperature calib-

rations appear to be the limiting factors. Making a series of calibrations

over several years and culling unstable thermistors are necessary for

highest accuracy.

We might point out that making meaningful absolute temperature

measurements with accuracies of .010 C requires stability and accuracy

of depth which strains present day mooring techniques. In the main
thermocline in the Atlantic Ocean the temperature gradient is of the order

of 20 m° C/rn. A temperature accuracy of 10 m° C there is equivalent to

a depth accuracy of 50 cm.

There are other reasons for m aking precise calibration of sensors

and associated circuitry. Currently many of our moorings are out for

periods approaching 1 year. Much of the use made of temperatures, such

as computing low frequency heat fluxes, depends more on the stability

of temperature measurements than on their absolute accuracy. A drift of

20 m° C/year in a thermistor can make temperature measurements well below

the main thermocline virtually meaningless unless it can be corrected for.

Accuracy of drift rate estimates depends on the uncertainty in individual

calibrations and the length of time over which the calibrations have been

made. Doubling the uncertainty in accuracy of individual thermistor

calibrations doubles the length of time over which calibrations must be

made to achieve the same accuracy in drift rate estimates. We find that

a minimum of 3 calibrations over 2 years are required to determine drift

rates to our specifications. Although highly accurate calibrations are

expensive, an increase in calibration period would leave us with virtually

no certifiably stable thermistors.
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2. V/F Converter Operation

In the VACM the thermistor is used to vary the electrical current

into a converter (called the voltage to frequency (V/F) converter 1 .

Since the period of the pulse train output of the converter is proper-

tional to the input current, the average resistance (and therefore tern—

perature) of the sensor over a precisely measured time interval can be

obtained by counting the pulses in that interval. The pulses are summed,

typically for 15 minutes. A technical discussion of the circuitry can

be found in the VACM technical manual, AMF Publication #SLS 106—11419 ,

Section 2.2.1. The technique described has been used since about 1971

and has proved to be quite precise and reliable.

Referring to Figure 1, operational amplifier (op amp), A, and

feedback capacitor, C1
, form a current integrator. Ideally, an op amp

has infinite gain, the input summing points (+ and - )  have zero potential

between them, and no current can flow into the input terminals. A stable,

precise reference voltage, V, is applied to R
TI the series combination

c’t thermistor R
t 

and a fixed precision resistor R
5
, resulting in a

current i = V/RT
. Since no current can flow into the op amp, current

must flow in C1 
and equal

Figure 1

V/F Converter
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Periodically, a precise electrical charge , Q, is applied to the

op amp input summing point and is transferred to capacitor C1. This

charge Q is dispensed by ~~ and the time period , P, required to

remove the charge is a function of the current

The charge Q accumulated on the precision capacitor C by reference

voltage V is

Q = CV.

The input current flowing in the thermistor is

The discharge of Q by current in time P is

:L
f 

= Q/P = CV/P.

::n:e
lr

then

V/R~ = CV/P , or

P = R
T
C = (R

~ 
+ R ) C .

The period P is proportional to the total resistance R
T~ 

hence

related to the thermistor resistance R
~
. R

t 
is converted to temperature

by substitution into the calibration equation (see Section 5).

-~~~~ Solid state FET switches transfer the charge from C to C1 
via

• . op amp A. After an appropriate interval (nominally 400 microseconds) the

switches reconnect C to V to recharge C. C1 continues to discharge

and after time interval P, C
1 

is discharged, the switches again trans—

fer the charge on C to the integrator, and the cycle begins again. C

and C2 
form a voltage divider to reduce the voltage at the input of A

to prevent driving the op amp input into saturation where it would draw

- 4 current.

~~~~

~ 
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Additional circuitry controls the switching and provides closed

loop operation whereby the cycle is reinitialized as soon as the charge

is dispensed. The circuit also provides a slight delay in the switching

(about 10 micro—seconds) to allow break-before—make action of the switches

to prevent loss of charge.

Since the frequency output is a function of the total resistance R
T

and the capacitance of capacitor C (P = R,J~C)I the circuit is relatively

insensitive to variations in components in the circuit except for R

and C. The series resistor R is chosen to produce a nearly linear

relationship between the current in the thermistor and its temperature.

With this resistor value equal to 37,300 ohms, the current in the ther-

mistor-resistor network is linear with temperature within 1.7% over the

range of 0° C to 30° C. Although the network is somewhat non-linear

temperature excursions in the ocean do not often cause biases in a

15 minute average. The output frequency of the converter is proportional

to current input within .01%.

There is a slight error in the period (not exactly equal to R,.~C)

and is probably due to a finite reaction time of the op amp to the charge

applied at its input. An empirical constant, K, can be determined from

tests, resulting in a more nearly exact equation

P = R.~ C + K.

K has been found to be about 0.5 microseconds for a typical instrument.

The expression for computing thermistor resistance from the period of
the V/F converter output signal is straightforward to derive , if rather

involved. One begins with the valid assumptions that the voltage across

Rt and R5
in Fig. 1 is constant and that the frequency of the V/F converter

is directly proportional to the current through R
~ 
and R

5. The resulting

expression is:

R = 

(1 + K 2)
K1 - K 2 - i

P 

.- 
.- .. J
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where P = T
S

/N = period of V/F output

. K1 (
~- -~~~~)/D
2 1

S’~l 
R
2 1K2 

[P2
(R
s 

+ R
1

) 
~i~~s + R

2 )J 
/D

D = 
R
s 

- 
Rs

and R
1
, R

2
, P

1
, P

2 are the input resistances and output periods of two

V/F calibration points.

I

I
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3. V/F Converter calibration

Since the V/F converter transforms the resistance changes of the

thermistor into electrical signals it is essential that it be calibrated

as carefully as the thermistor. Our calibration procedure is designed

to monitor the long term behavior as well as provide a calibration for a

specific setting of an instrument.

Before and after each deployment the V/F converter is calibrated at

seven precise (.001%) input resistances corresponding to nominal thermistor

resistance values at seven temperatures. The values are shown in Table 1.

The period at the 50 C point is adjusted to read 1820.4 iJs at 74434 ~
and the seven periods are recorded again , both at room temperature and in

a cold room at ~5° C. A record is made at the periods before and after

adjustment which allows us to monitor the temporal stability of each

converter. The cold room values are used in decoding most data since

they correspond closely to the in situ conditions of the instruments in

typical moorings.

Table 1

V/F Converter Calibration Results

Temperature input Resistance Period (x 10
6 seconds

0° C ~4972 ~2 2154.871 ± .075

5 74434 1820.412 ± .004

10 58747 1564.911 ± .056

15 46675 1368.2

20 37299 1215.640 ± .093

25 29998 1096.765 ± .109

30 24269 1003.464 ± .127

The period values in Table 1 are the means and standard deviations

of the data points at each temperature for the 175 calibrations investigated.

Only a nominal value has been included for the 15° C point because we

discovered some of the calibrations were made with an incorrectly labeled

precision resistor.

-1

~~~~~~~~~~~~
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The period—resistance relationship is linear. In decoding the data

from a current meter we use the 5° C and 25° C points to determine the

relation. We checked the linearity for 175 calibrations of 45 instruments

by comparing the actual calibration points and the values computed from

the straight line determined by the 5° C and 25° C points. The result

was that, in all but five calibrations, the error introduced by using the

straight line was equivalent to 1 m° C and in those five it was equi-
- . valent to about 2 m° C inaccuracy in the decoded temperatures.

Using the 50  C and 250  C points from Table 1 the period—resistance
relation is

PER (ps) = 608.243 + O.0l6285l5*R.

A least squares fit of all but the 15° C point yields

PER (ps) = 608.231 + 0.01628516*R.

The two equations fit the data equally well. The standard deviation of

the first is 0.013 JIsec, and of the second , 0.018 usec. The accuracy in

period required for ±1 m° C accuracy in temperature is ±0.08 lisec at 0° C,

±0.05 psec at 10° C, and ±0.03 psec at 20° C.

We have also fit an equation like the first of the preceding para-

graph to the data of the 175 individual V/F calibrations. After sol-

ving each equation for R and subtracting the input resistances we com—

puted an r.m.s. residual for each calibration. The mean of this residual

over all the calibrations is 0.9 ohms. All but three of the residuals

were less than 3 ohms. One ohm represents 0.22 m° C at 0° C and 0.99 m° C
at 30° C for our standard thermistors.

rhe calibrations also show that the stability of the V/F con-

verters is such that they will maintain 1 m° C accuracy over the period

of one year, a stability of 3 parts in lOs. 

~~~~~~ S ., .- ~~~~~~~~~ .
.
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4. Thermistor Calibrations: Methods and Facilities

All of our thermistor calibrations have been made with the same

variety of equipment: a constant temperature bath, a platinunr resistance

thermometer (PRT) and bridges to measure the resistance of both the PRT

and the thermistor. Calibrations began in January 1973. In August 1973

(just prior to batch 11) there was a bath modification resulting in an

improvement in accuracy. In December 1974 (just prior to Batch 45) most

of the system was replaced for some improvement in accuracy and a large

improvement in convenience anc. speed.

We will describe both calibration systems and the errors connected

with them.

A. System 1. January 1973 — December 1974. Batches 1—10

Figure 2 shows a diagram of the first bath. It was one used pre-

viously (Bradshaw and Schleicher, 1970) but its precision of control

was improved for this application. It consisted of an outer and an

inner bath, both filled with a stirred water—ethylene glycol solution.

F The outer bath had heating and cooling coils. The inner bath was heated

to maintain it 1-2° C above the temperature of the outer bath. Within the

inner bath was a kerosene—filled aluminum vessel containing the thermistor

mounting block (see Fig. 3). The kerosene was stirred .

The thermistor mounting block was made from a 10” length of aluminum

hexagonal bar stock 1 1/4” across the flats. The thermistors were

screwed into radial tapped holes in the f lat sides , 4 to a side. The

platinum resistance thermometer was mounted in a 3/8” diameter hole drilled

to within 1/2” of the bottom. Mercury was used in the bottom of the well

for good thermal contact.

A guarded Wheatstone bridge, Leeds and Northrup type 4737—A20 ,

was used to measure thermistor resistance.

A Leeds and Northrup type 8163-C platinum resistance thermometer

was used to measure the temperature of the thermistor mounting block.

The resistance of the thermometer was measured with a Leeds and Northrup

type 8068-B Mueller bridge using a nanovoltmeter as a null meter. The

calibration of the PRT was checked periodically at the triple point

temperature of water with a Trans—Sonic Equiphase type 130 triple point

cell.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ -~~~ ~~~~~~~~~~~~~~~ ‘ ~~ . 4
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Up to 23 thermistors were mounted in the aluminum block . The
thermistor leads were connected to cables going to the Wheatetone bridge

via terminal strips. The 24th terminal pair of these strips was usually
connected to a pair of bare wires iimnersed in the kerosene. The resis-

tance of this open line was monitored with a megohmmeter as a check on

any condition (contaminated oil, condensation , etc.) which could cause

a significant shunting error in the thermistor resistance measurements.

Resistance of the thermistors was measured in sequence at a set of

temperatures starting at approximately 00 C and increasing in 5° C steps

to 30 ° C. Voltage across the thermistor was set to correspond to that

appear ing in the current meter to avoid differences in power dissipated
in the thermistor. The whole sequence of measurements took 2 or 3 days.

Estimated Random and Systematic Errors of Measurements

During this period (January 1973 — January 1975) a change was made

in the apparatus which affected the estimated precision of measurement.

This occurred in August 1973 when a temperature gradient was discovered

in the oil-filled vessel. From tests made at this t ime (by interchanging
the thermistors in the highest and lowest position in a similar mounting

block) the largest temperature difference from the top of the mounting

block to the bottom appeared to be .004° C at a bath temperature of 00 C.

After changing the oil level and introducing baffles inside the aluminum

vessel, retesting showed that the difference, if any , was less than
.001° C. The estimated random error prior to Batch 11 (September 7,

1973) includes a factor based on the larger gradient.

The temperature variation in the water bath due to the control

cycle (~~ 1 cycle/mm ) was usually less than 1 m° C. The oil—filled

vessel further reduced the cycling variation to the order of several

tenths of a millidegree as measured by the platinum thermometer. The

longer term temperature variation inside the mounting block could be
followed by the thermistors and by the platinum thermometer and under

typical conditions did not vary by more than 1 m° C over the time required
to make all measurements at one temperature point (1 to 1 1/2 hour fcr

23 thermistors) .

~ 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The values of the ‘ ct” and “S” constants of the platinum ther-

mometer are traceable to a NBS calibration (see NBS Monograph 126, 1973 ,

for symbol nomenclature) and its resistance was checked regularly at the

triple point of water. This resistance changed by the equivalent of

about 2.5 m ° C over the two year period. The Mueller bridge calibration

corrections are traceable to a NBS calibration. This thermometer—bridge

combination was checked in February 1975 against that of a newer Leeds

and Northrup platinum thermometer and Guildline Current Comparator

Resistance Bridge (see section B in this chapter). The temperatures

indicated by the two systems differed by not more than 0.7 m° C at 30° C.

The warranted (uncorrected) accuracy of the type 47 37 guarded

Wheatstone bridge used to measure the thermistor resistances is ±100 ppm

at 25° C (equivalent to ±2 m° C). The accuracy is derated by 10 ppe per °C
difference from 25° C. Corrections to the bridge dial readings were

found at 25° C using resistance ladders , one element of which had been

measured to an accuracy of 5 ppm . The accuracy of the corrected guarded

Wheatstone bridge readings at 25° C was then taken as about 5 ppm , equi-

valent to 0.1 m° C when applied to the measurement of thermistor resistance.

The corrections described above were used throughout the January

1973 to December 1974 period. In November 1974, they were checked by

measuring the resistances of the Guarded W’heatstone Bridge using a

Guildline Comparator Bridge and Guildline standard resistors. Differences

of up to 20 ppm (0.4 m° C) were found . These could be accounted for by

the temperature of the Guarded Bridge (23-24° C instead of 25° C) and by

a d r i f t  in the Guildline standard resistors; however, this figure , 0.4 m ° C,

instead of 0.1 m ° C as fou nd earlier , is taken as the systematic error

assoc iated with the type 4737 bridge .

The f i rst two columns of Table 2 sum up our estimates of the errors
inherent in the VACM thermistor calibration for the calibration system in

use until January 1975.

• B. System II. January 1975 (Batch 45) to present

In January 1975 we began using a new set of thermistor calibration

• apparatus which has moderately improved the calibration accuracy and

substantially increased the speed and convenience of making calibrations.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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The new bath system consists of a Tronac Model 400 constant tern-

perature bath with a Tronac Model 40 temperature controller. This is

a single bath system making it easier to change the bath temperature

rapidly.

The new thermistor mounting block (Fig. 4) was machined from an

aluminum cylinder, 4 inch diameter by 4 inch long. Six lengthwise,

l inch deep cuts around the cylinder allow recessed mounting of 4 thermistors

per cut. The platinum thermometer is mounted in a 3/8 inch diameter hole

drilled through the axis of the cylinder. The mounting block is enclosed

in an aluminum housing which is purged with dry nitrogen and hermetically

sealed before being placed in the bath.

The new platinum resistance thermometer is a Leeds and Northrup

Model 8l67-25B. Its resistance is measured with a Guildline Instruments

Model 9975 thermometer bridge. As used n thermometry , the bridge de—

termines the ratio of the platinum probe resistance and a high precision ,

stable resistor mounted in a temperature controlled air bath. As with

the Mueller bridge, a four terminal measurement of the probe resistance

is made and the effect of the thermal emf ’s is eliminated by current

reversals. Readings can be made in far less t ime and with greater precision

than with the Mueller bridge used previously.

The rest of the equipment , the Wheatstone bridge and null meter for
measuring thermistor resistance, and the triple point cell , remains the

same as before .

The calibration procedure is the same as before except that the

amount of time required to calibrate a normal batch of 24 thermistors

is now 12 hours or less.

Estimated Random and Systematic Errors of Measurements

During this period (January 1975 to the present) the random and

systematic errors of measurements were estimated to be somewhat less

than in the previous period . They are summarized in column 3 of Table 2.

The mounting block gradient , one of the main sources of error

in pr c~cision during the previou s per iod , was improved through the use

of the newer apparatus. A test done in March 1976 which included a

careful measurement of the vertical profile of the temperature along

the axis of the platinum thermometer well as well as the exchange of 

,
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~._: ±~~:_ ,-. 4
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thermistor position indicated a maximum variation of less than 0.6 m ° C.

As a result of the improved temperature control of the new bath

the error due to the short term temperature cycling of the mounting

block was estimated to be not more than’ 0.1 m° C. Actually, much of the

time, the temperature read by the platinum probe did not change during

the scanning of 24 thermistors at one temperature (1/2 to 3/4 hours)

by more than 0.1 or 0.2 m° C. When the dr if t  was larger than this the

tracking of the recorded thermistor temperature and platinum thermometer
temperature was close enough so that the errors were still kept within

the 0.1 m° C figure.

The largest source of error in precision with this m w  equipment

was due to the drift of the platinum thermometer between triple point

readings. Of course, most of this error can be corrected by interpolating

linearly between check points but since this would have delayed the

processing and reporting of the data it was not done. In the future it

is planned to take more frequent triple point checks to reduce this

source of error .

The random errors due to temperature effects on the bridge used
to measure the thermistor resistances remain the same as in the previous

period. There are no significant temperature effects (< 0.1 m° C) on

the Guildline bridge.

The systematic error of the platinum resistance thermometer is

estimated to be 0.5 m° C from information obtained from the manufacturer

Leeds and Northrup (L&N).

The Guildline bridge error in ratio measurement is cer t i f ied by the

manufacturer not to exceed ±(2 parts in l0~ of reading + 1 step of last

dial). This would cause an insignificant sytematic error in the tem—

perature ( (  .1 m° C).

The systematic errors associated with the type 4737 bridge and

the triple point cell remain the same as before.

— ~~~~~~~~~~~~~~~~~~~~ ;.~~~~~~ _ 
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5. Thermistor Calibration Results —

In this section we will describe what we have learned from calibrations

to date of our YSI type 44032 thermistors.

We now own 163 YSI type 44032 thermistors which have each had at

least one calibration, Of these, 69 meet the criteria for being included

in this study , i.e., at least three calibrations over at least two years.

We intend to continue regular calibrations of all our thermistors.

Our analysis of thermistor performance is based on the outputs of

the computer programs CALIBB and CALCOLIN, described in Appendices II

and III. CALIBB fits the resistance, temperature calibration data to

the expression (Bennett , 1972 , Steinhart and Hart, 1968)

T 1 
= A + BthR + C(LnR) 3

by a least squares technique. A residual is computed for each data

point as the difference between the observed temperature and a temperature

computed from the observed thermistor resistance and the A , B, C

constants from that calibration. The r.m.s. value of this residual for

the seven data points in a calibration is printed out in CALIBB and falls

in the range 0—1 m° C for nearly all of our calibrations. The mean

value for all our past calibrations is .2 m° C, which shows how well the

above equation fits the data.

Using CALCOLIN we can estimate the rate at which the temperature

indicated by a thermistor is changing relative to the true temperature of

its environment. We should remember, however , that what is actually
changing is the resistance of the thermistor at a given temperature.

Table 3 and Figure 5 sum up the calibration histories of the 69

thermistors with sufficient calibration history. Table 3 lists for each

thermistor, in order of increasing drif t  rate magnitude , the total number

of calibrations, the elapsed time in years between the first  and latest

calibration , the mean drift  rate, and the standard deviation about the

mean drift. The drift rate and standard deviation are means over the

least squares fit at each of the seven calibration temperatures and are

computed in CALCOLIN. In this table drift rate has the opposite sign

j~~~~~~~~~~~~~~~ -* ~~~~~~~~~~~~~ ~~~~~~~~ —~~---~~~~
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from the number in the CALCOLIN output since it is the rate at which

temperature would appear to change if the thermistor were kept immersed

in a bath whose temperature was held constant. Positive drift rate

indicates that thermistor resistance at constant temperature is decreas-

ing with time.

The standard deviations listed in Table 3 show that our calib—

rations are consistent with each other to better than 1 m° C. Standard

deviations are less than this , for the most part, except for the higher

drift rates. There is other evidence for the repeatibility of our

calibrations. Calibration batches 52 and 53 were done within 1 week

of each other and 19 thermistors were common to both batches. The mean

difference between the two calibrations for each of the 19 thermistors

was .3 m° C. The r.m.s. difference was .97 m° C.

Figure 5 is a histogram of the mean drif t rate magnitudes for the

69 thermistors in Table 3. The dividing line we have chosen between

stable and unstable thermistors is arbitrary but can be rationalized.

The absolute accuracy of our temperature measurements is no worse than
±10 m° C and may be as good as ±5 m° C. For a typical deployment of
9-12 months we would prefer that the thermistor dr i f t  be less than

5 m° C so that correction for drift is not necessary. The dip in the

distribution around 3 m° C/year provides a natural place to draw the line.

Since the thermistors we use are standard off—the—shelf units

with no preselection applied we would expect the distribution shown in

Figure 5 to be typical. Thus, in any batch of thermistors we would expect
65-75% of them to have drift rates less than 5 m° C/year and about 10% of

them to have drif t rates greater than 10 m° C/year. A few of these

would have drif t rates high enough to make them unuseable for any
scientific purpose. We should point out that high drift rates seem to

decrease with time but we will need several more years of calibrations

before we can elaborate on that topic.

~ 
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6. Temperature Accuracy and Precision

6. A. NBS Intercomparison

In December 1973 we sent 17 thermistors to the National Bureau of

Standards (NBS) where they were calibrated by Ms. Sharrill D. Wood.

Upon their return to W.H.O.I. in April 1974 they were calibrated by

Karl Schleicher. The results give us a comparison of the results of

our calibration techniques vs. those at NBS.

The thermistors chosen for this intercomparison were of two types,

both preselected by the manufacturer for stability and both purchased

for a special application of the VACM. One type (II5000 series’1) has

4000 ~2 resistance at 25° C and is used in a differential circuit to

measure the difference in water temperature between the top and bottom

of the VACM, thus giving local temperature gradient (See Section 6. B.,

IWEX). The other type (“6000 series’1) is different from our standard

YSI thermistor in that it is pretested for stability and has a slightly

different mechanical configuration. Their temperature—resistance

specifications are the same as the standard VACM thermistors, having

30,000 ~2 resistance at 25° C.

Normal W.H.O.I. calibrations are run with the same current passed

through the thermistor as in the VACM at that temperature so that the

self—heating will be quite simiiar . For this intercomparison , however,

all resistance measurements at NBS and W.H.O.I. were made with 10 pa

current through the thermistors, substantially lower than normal operating

currents, to give a minimum amount of self-heating.

Table 4 shows the difference in resistance at several temperatures

between the NBS and W.H.O.I. calibrations and the equivalent temperature

difference. The resistances were calculated from the A, B, C constants

(See Appendix II) at the indicated temperatures. The temperature difference

was calculated by mul tiplying the resistance diff erence by dT/dR as

calculated from the A , B , C constants with the expression

dT 
= - Tab

2 
[B + 3C(LnR)

2
]

The individual temperature and resistance differences in Table 4

~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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appear fairly random. For the most part the r.m.s. differences for

each thermistor are within 5 m° C. The mean difference is —1.6 ± 3.1 m° C.

This is probably what one should realistically expect for comparisons

between two laboratories and may be indicative of the absolute accuracy

of cal ibrations at any one laboratory. The standard deviation is

c-~nsistent with the scatter we find between several calibrations of a

stable thermistor.

Calibration results of two of the 116000 series” thermistors were

om.Ltted since later calibrations showed them to be drif t ing at a rate

which would make comparison of the NBS and W . H . O .I .  results meaningless.

Four of the thermistors listed were destroyed for testing purposes

a f t e r  only two calibrations. These were 6003 , 6017 , 6046 , 6118.

These show some of the highest differences for the 6000 series thermistors

in Table 4. Because of the limited number of calibrations we cannot

be sure that the differences were not caused by dr i f t .
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6. B. IWEX

During November 1973 a stable tripod mooring was deployed by the

Buoy Project at 27° 43’N, 69° 51’W in 5455 m water depth. The mooring was
in place for 44 days. On the IWEX (for Internal Wave Experiment) mooring

were mounted 17 VACMs , 9 temperature/pressure recorders , and 4 model 850
current meters. The VACM5 were modified to measure temperature difference

between thermistors mounted in pods at the top and bottom of each instru-

ment as well as absolute temperature. Because of the temperature difference

measurements extensive calibration operations were performed. These calib-

ration operations , combined with the stabili ty of the mooring and the close

spacing of a cluster of 7 VACMs at the top , offered an excellent chance to

determine the achievable accuracy in the VACM measurement of absolute

temperature in Situ .

Figure 6 illustrates the configuration of the IWEX mooring. The

depths of the levels and the horizontal separations of instruments on two

different  legs but at the same level are given in Table 5 as well as the

temperature gradient at each level derived from a mean temperature profile

(Millard , 1974; Tarbell , Briscoe and Chausse, 1975).

Calibrations

The thermistors used in the absolute temperature circuit of the

IWEX VACMs were manufactured by Thermometrics, Inc. Mechanically and

electrically they are quite similar to the YSI thermistors we had used

previously. Instead of being mounted within the current meter, they were

mounted externally in pods to decrease the time constant.

Before delivery the thermistors were stabilized by temperature cycling
and then tested for maximum stability by repeated calibrations at regular

intervals by the manufacturer. In addition , they were calibrated in our
own facility (see Section 4 of this report) before and after the experi-

ment and twice more in the two years since. We have not included these in

the thermistors reported on in Section 5 because of this limited calibration
history.

Because of the stringent requirements of the temperature difference

measurements the thermistor pods were immersed , several at a time , in a

constant temperature bath before and after the experiment for system calib—

ration. The bath was run at 0, 15, 30° C while the thermistors remained 

~~ • r • - ~~ :~~~~-~ ~~~~~~~~~~~~~~~~~~~~~ ~ -- - - - -
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connected to the current meters. These data were recorded on the IWE X

data tape for each instrument.

The constant temperature bath was a Tronac Model 400, n~dified by

the addition of one inch of urethane insulation on all sides. The texn-

perature controller was a Tronac Model 40 used in conjunction with an

external cooling unit. These provided excellent temperature control for

the calibrations, maintaining control to within 2 m° C (averaged over

225 seconds) for periods of hours with temperature differences through

the tank of less than .2 m° C. Absolute temperature of the tank was
measured with a platinum resistance thermometer with calibrations trace-

able to the National Bureau of Standards.

The noise level and short-term stability of the instruments, and
the stability of the calibration bath were within design specifications.

- 
‘

~~~~~ As a test five instruments were run overnight in the bath. The absolute

temperatures recorded by the current meters were constant within ± 1 data

count (±.2 m° C) averaged over 225 seconds.

Resul ts

Biases and drift rates of the thermistors were computed from the

bath tests and our standard thermistor calibrations. Bias is the error

in measurement of absolute temperature by a current meter and thermistor —

at the time of the pre—mooring bath test. Drift rate is computed from the —

difference in error of measurement between the pre-mooring and post-mooring

bath tests and the pre—mooring and post—mooring thermistor calibrations.

Only two of the seventeen thermistors, those at the positions B2 and C5,
showed significant drift and needed to be corrected but the magnitudes

of these two drift rates , 9 and 11 m° C/month, were surprisingly large
in view of the pretesting performed by the manufacturer.

Table 6 lists means of absolute temperature for all the levels where

there was more than one current meter. They are listed as ten consecutive

4-day means and the overall 40-day mean. The B2 and CS temperatures have

been corrected for bias and dr i f t . No corrections were required for the

rest of the temperatures.

1~h

~~~~~~~~~~~~~ - --- - --- -— - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ 

- —- - - -



- ---- - — — --—- -- ---- --- --- ---

28

In Table 7 are the temperature differences at each level for the

4-day means, the 40-day meati, and the 40-day mean divided by the tem-

perature gradient at that level from Table 5. If we assumed that the
temperature sensors were all perfect then this last quantity would be the
mean depth difference between sensors on one level.

Now look at Table 7 in detail keeping in mind our stated temperature

accuracy of 10 m° C. Sensors Al and Cl are only 6.1 meters apart and the

temperatures agree within, at most, 2 m° C. At level 2. with a separation
of 8.5 meters, A2 and C2 agree to no worse than 3 m° C. B2 is one of the

two thermistors which had a rather large drif t  rate and is , therefore ,

not as reliable as the others. In spite of this , it agrees with A2 and C2

within 5 m ° C except for one of the 4—day periods . A4 and B4 agree within

5 m° C. At levels 5, 6, 10 with substantially larger sensor separations

the B leg temperatures are substantially higher than for legs A or C.

To explain this requires that the sensors on the B leg be 1, 2, 3 meters

higher for the 5 , 6 , 10 levels than the sensors on the other two legs .

Although there were not enough working pressure sensors on the mooring to

define the motions we can rationalize the direction if not the magnitude,

of the leg motions.

Anchors at the base of legs A and C were lined up along a north-

south line. The currents in the top 1500 m were predominantly from west

to east during the whole 40 days. This would cause legs A and C to be

depressed relative to leg B. The current veered somewhat about the easterly

direction with time , however , so we cannot say much about the relative

depths of sensors on legs A and C. It is apparent from Table 7 that the

B-A and B-C temperature differences are substantially larger than the C—A

at levels 5 , 6 , and 10.

g The absolute temperature data from the IWEX mooring are consistent
with our claimed temperature accuracy of 10 in0 C. They are particularly

supportive where the horizontal separations are small and we can expect

the vertical separations to be less than about 50 cm.

- - -----‘—~~~~~~~. ~~~~~~~~~~~~~~~ ~~~~~ - 
40~~ .IlUI ~~~~~~~~~~~~ -

- ~~~~~~~~~~~~~~~~



29

Table 5

IWEX Mooring Data

- 
Horizontal
Separation

of Temperature
Depth Instruments Gradient

Level Cm) (m) (m ° C/rn)

1 603.6 6.1 18.6

2 605.7 8.5 18.6

I 4 610.6 14.0 18.8

5 639.5 44.0 19.8

6 730.6 139 22.5

8 1014.4 441 12.2

10 1023.1 450 11.7

14 2050.4 1600 1.4

I -
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Table 6 30

IWEX 4-Day Mean Temperatures, B2 and CS Corrected for Thermistor Dr i f t

40-Day
1 2 3 4 5 6 7 8 9 10 Mean

Al 14.029 13.964 13.968 14.015 14.116 14.158 14.180 14.186 14.181 14.173 14.097
Cl 14 .027 13.962 13.967 14.014 14.116 14.157 14.179 14.184 14.180 14.172 14 .096

A2 13.995 13.927 13.930 13.975 14 .079 14. 120 14.144 14.152 14.144 14.141 14.061
82 13.988 13.922 13.925 13.972 14.075 14.117 14.14 1 14.150 14.141 14.139 14 .057
C2 13.995 13.926 13.930 13.974 14.078 14.119 14 .142 14.149 14.141 14.138 14 .059

A4 13.865 13.798 13.793 13.836 13.946 13.985 14.008 14.024 14.005 14.015 13.927
B4 13.866 13.800 13.794 13.839 13.949 13.990 14.011 14 .027 14.009 14.017 13 .930

AS 13.288 13.231 13.181 13.24 1 13.358 13.429 13.452 13.461 13.429 13.463 13.353
85 13.301 13.249 13.198 13.262 13.380 13.453 13.473 13.484 13.448 13.482 13.373
CS 13.289 13.237 13.188 13.250 13.367 13.436 13.457 13.467 13.430 13.468 13.359

A6 11.254 11.155 11.142 11.134 11.264 11.389 11.383 11.413 11.431 11.442 11.301
B6 11.293 11.198 11.184 11.183 11.317 11.447 11.435 11.464 11.488 11.496 11.350
C6 11.260 11.162 11.150 11.147 11.276 11.387 11.371 11.402 11.410 11.434 11.300

AlO 6.196 6.219 6.244 6.269 6.271 6.317 6.437 6.594 6.617 6.583 6.375
BlO 6.219 6.247 6.278 6.303 6.315 6.365 6.476 6.635 6.669 6.627 6.413
Cia 6.192 6.222 6.252 6.280 6.278 6.312 6.422 6.575 6.594 6.572 6.370

Al4 3.538 3.563 3.605 3.605 3.580 3.581 3.620 3 .635 3.629 3.619 3 .597
Bl4 3.554 3.589 3.628 3.629 3.615 3.602 3.641 3.664 3.655 3.639 3 .622
C14 3.547 3.597 3.622 3.621 3.598 3.592 3.626 3.641 3.626 3.619 3 .609

I

-~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -
- -_~~~_1_ 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~~~~~~.

t_4 
~~~~~~~~~~~~~~~ 

j 4’ 
~~~~~~~~~ ~~~ II.II I_~~~~~~~~~~~ ~~~~~~~ - - —~~~ 

44



-~~ -- - --------~~~~ -~~~~~ __

31
Table 7

IWEX Temperature Differences Equivalent
1 2 3 4 5 6 7 8 9 lO Means Depth

Differences
Cm)

Cl—Al 2 2 1 1 0 1 1 2 1 1 1 .1

C2—A2 0 —l 0 —1 —1 —1 —2 —3 —3 —3 —2 .1
B2—A2 —7 —5 —5 — 3 —4 —3 —3 —2 —3 —4 —4 .2

-~~ B2—C2 — 7 —4 —5 —2 —3 —2 —l —1 0 —l —2 .1

B4—A4 1 2 1 3 3 5 3 3 4 2 3 — .2

C5—A5 1 6 7 9 9 7 5 6 1 5 6 - .3
B5—A5 13 18 17 21 22 24 21 23 19 19 20 —1.0
B S— C5 12 12 10 12 13 17 16 17 18 14 14 — .7

C6—A6 6 7 8 13 12 —2 —12 —11 —21 —8 — l 0
86—A6 29 43 42 49 53 58 52 51 57 54 49 — 2 . 2
B6—C6 33 36 34 36 41 60 64 62 78 62 50 — 2 . 2

ClO—AlO —4 +3 +8 11 7 —5 —15 —19 —23 — 11 —5 .4
BlO—A lO 23 28 34 34 44 48 39 41 52 44 38 — 3 . 2
810—d O 27 25 26 23 37 53 54 60 75 55 43 — 3 . 7

C14—A 14 9 34 17 16 18 11 6 6 —3 0 12 8.6
B 14—A 14 16 26 23 24 35 21 21 29 26 20 25 17.9
Bl4— C 14 7 —8 6 8 17 10 15 23 29 20 13 9.3

I-
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6. C. Mooring 551 Intercomparison

In December 1974 , a mooring was implanted at Site J , 36°N , 70°W ,

with four VACM5 rigidly shackled together at a nominal 2000 m depth .

Mooring 551 was in place for 128 days during which all four instruments

worked satisfactorily. A f if th instrument, containing a pressure sensor ,
did not work. Because of this, the depths of the VACMs are known only
to about ±20 m.

Since the mooring’s purpose was a detailed compar ison of the VACMs ,

the depth of the instrument grouping was chosen to be in a region of low
gradients. Figure 7 shows temperature vs. depth from a CTD station made

at the mooring location when it was set. The inset shows a more detailed

plot for the depth range 1900—2100 m , a straight line least squares fitted
to the CTD data, and four points representing the 128 day temperature
means for the four VACMs. The straight line has a slope of -0.71 in 0 C/rn ,

or the equivalent of a 4.3 m ° C spread in temperature over the 6 m between

the top and bottom thermistors.

Table 8 shows the 128 day temperature means from the four VACMs
and their standard deviations. For each 7.5 minute recording interval a

mean temperature was computed from the four individual temperatures and

the difference between the mean and the individual temperatures computed

to see how well the four instruments tracked. Row 4 is the 128 day time

mean of these differences for each instrument and row 5 is the standard

deviation of this quantity. The results show that the instruments track

very well and that the agreement of the means is not fortuitous.

Table 8

Mooring 551 Temperatures Averaged over 128 Days
1. Instrument 5512 5513 5514 5515

2. Mean temperature 3.935° C 3•9330 ~ 3.9360 C 3 .932 ° C

3. Standard deviation 0.024 0.024 0.024 0.024

4. Mean difference 0.001 —0.001 0.002 —0.002

5. Standard deviation 0.002 0.001 0.001 0.002
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It would be appealing to attempt some kind of a direct comparison

between absolute temperatures from VACM5 and CTD but the uncertainty

in current meter depth rules this out. The CTD data allow us to say

that the time averaged temperature gradient in the vicinity of 2000 in is

probably very close to -0.7 in 0 C/rn. The absolute temperatures are

consistent with the CTD temperatures to within the accuracy of the VACM

depths.

. 1
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6. D. Error Analysis

In the previous sections of this report we have described the

components of the VACM temperature measuring system, some of the errors

in those systems , and intercomparisons which have indicated some of the

relative uncertainties in our temperature measurements. We have not

been able to make an in situ comparison with a d i f ferent , and preferably

certifiably accurate , instrument , nor have we been able to test the

absolute accuracy in the laboratory. In this section we will compute

analytically the accurac ies of both relative and absolute temperature

measurements. To the extent that our computed accuracy of relative
measurements agrees with the intercomparison results we may have some
confidence in the computed absolute accuracy.

In Table 9 is a list of possible sources of error with an estimate

of the contribution of each to the instrument bias in the measurements
and the measurement variation.

Tab1~ 9

Error Sources in VACM Temperature Measurements

Instrument Measurement
Bias Variation

Thermistor
a. Calibration and drift rate ±4m °C

b. Linearity +.3m °C 0

c. Self heating +lm°C 0

V/F Converter
a. Stability • lm °C

b. Linearity lm°C

Rest of VACM

a. Time base stability (900 second record-
ing interval) ±.3m°C

b. Integrator ±.06m°C

— ~~~~~~~~~~~~~~~ ~~~~~~~~~~ ..~ .—. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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The following describes the terms in the table in more detail and

justifies the uncertainties given.

Thermistor
a. Calibration and drift rate - From the NBS intercomparison we

feel sure that the absolute accuracy of each of our calibrations is

about ±3 m° C. The scatter about the line fitting calibration vs.

time data is ±1 m° C or less. The total uncertainty in expressing T

as a function of R by the equation

T 1 = A + B(inR) + C(9.nR)3

is then about ±4 m° C.

b. Linearity - Thermistors are nonlinear sensors. Computing a mean

temperature from a mean thermistor resistance introduces an error which

depends on the amplitude of fluctuations during the averaging interval.

Typical temperature records , both in and below the thermocline show

temperature standard deviations of about 200 m° C. For a sine wave

fluctuation of this amplitude the error would be +.3m ° C. This is a

systematic and not a random error so it contributes to the instrument bias.

c. Self heating - In the input circuit of the V/F converter , a

precise 3.9 volts is impressed across the thermistor and a precision

37.3 KQ fixed resistor is connected in series with the thermistor . In

Table 10 are shown :

T - nominal temperature

R - mean resistance and standard deviation for the thermistors

in Table 3 with drift rates less than 3.5 m° C/year.

P - power dissipated in thermistor with standard deviation

due to deviation in R.

T - thermistor self-heating with assumed dissipation constant of

3 3 mw/°C and standard deviation due to deviation in R.

V
th - volts across thermistor resistance R in current meter

.~ ircuit with standard deviation due to deviation in R.

V lib 
- volts applied across thermistor in calibration equipment.

dT/dV - sensitivity of indicated temperature to an error in the

voltage applied across the thermistor .

4
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Table 10

Thermistor Self-Heating

0

T R(ohms) P ( p w )  ~~T(m 0 C) V (volts V (volts ~~ (
~~—~

)
th cal dV volt

0°C 95080±377 82.52±.l4 27.51±.05 2.801±.003 2.80 20 —

5 74453±286 90.68±.l2 30.23±.04 2.598±.003 2.60 23

10 58712±220 96.87±.08 32.29±.03 2.385±.003 2.39 27

15 46611±171 lOO.69±.04 33.56±.Ol 2.l66±.O04 2.17 31

20 37244±135 lOl.94±.0003 33.98±.000l l.949±.004 1.95 35

25 29947±106 lOO.73±.04 33.58±.Ol l.737±.003 1.74 39

30 24222±84 97.34±.07 32.45±.02 l.535±.003 1.54 42

Since the same voltage is applied to the thermistor during calibration as

in the current meter , the bias due to self—heating is very nearly the
same in the two situations. This net bias, therefore , does not appear

in Table 9. There are three kinds of errors that can occur through the

self—heating:

1. An error in the volts applied to the thermistor during calibration

can cause an amount of self-heating differing from that in the current

meter. An error of 0.1 volt would cause up to 5 in 0 C error , indicating

that a modicum of care is required.
2. Because various thermistors have somewhat different resistances

at the same temperature , the voltage across them , and thus the self—heating

varies. For the range of thermistors in this study , however , the difference

is at most .05 in 0 C, a negligible amount.

3. The assumed dissipation constant of 3 mw/°C is a nominal value.

The important thing is to have the dissipation constant the same in
the current meter and in the calibration setup. We have not been able

F /
to measure either dissipation constant but have tried to make the sit-

uations quite similar physically. We feel confident that the error due

to difference in self-heating is less than ±1 m° C.
1 

- V/F Converter

a. Stability - We saw in Section 3 that the V/F converter is stable

to 3 parts in l0~ , equivalent to about ±1 in 0 C.

b. Linearity - We saw, also in Section 3, that the period of the

V/F converter output signal is a linear function of thermistor resistance

to within the equivalent of ±1 m° C.

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - _~~±_____ -
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Rest of VACM

a. Time base stability. The stability of the crystal oscillator

which provides the time base in the VACM is stable to 1 part in l0~ ,

equivalent to .009 sec for a recording interval of 900 sec. The un-

certainty in temperature due to this uncertainty can be derived from

the three equations:

T = (A + BtQnR) + C(QnR) 3
1 ’

— 

(I + K
2) 

R
5

R — 
K
1 

- K
2 

- 1

N
where :

A , 8, C - thermistor calibration constants

R - thermistor resistance at temperature T

= fixed resistor , see section 2

K1, K2 = V/F converter constants, see section 2

t = current meter recording interval

N = counts accumulated during T by counter on output of the V/F

converter

The uncertainty in temperature due to variations in the time base is given by:

L~IT N a R ~~ Pa t

aT T2 2= - [B + 3C(2.nR)

— 

R(K
2 — 

K
1)

— 
[P ( K

1 
— K

2
) — l]2 -

~~~~~~~~ ~~~~~~~~~~~~~ ;j ~~~~~a - ~~~~~~ ~~~~ ~~~~~4 -  ~~~~~~ 
_ _ _ _ _ _



--

Typical values of the variables at 100 C are:

T = 283.15° C R
1 

= 24270 ~ 2

R = 58712 ~2 R 2 = 94980 ~2

B = .22519048 )( l0~~ P
1 

= 1.0036 X l0~~ sec

C = .114084 X 10~~ P
2 

= 2.1548 x sec *

N = 575117 ~t = .009 sec

Substituting these

~
Tl
N

= ± .3m 0C

b. Integrator - The integrator is just a counter and has an

uncertainty of ±1 count. From Table 1 we see that this is equivalent

to ±.06 in° C, a negligibly small uncertainty.

The total variance of temperature is the sum of the squares of the

uncertainties. For the measurement variations,

var
T 

18(m° C)2

The relative uncertainty we expect in the temperature measurements is

then of the order of ±4.2 in 0 C which agrees well with the results of

the IWEX intercomparison.

Adding the contributions of instrument biases to the variance,

Var
T 

19Cm ° C)2

the uncertainty we expect in the absolute temperature measurements is

then about ±4 .4 in 0 C.

We feel that this uncertainty estimate is a little optimistic but

not completely out of line. Nelson Hogg (personal communication) after

contouring, separately, temperatures recorded during MODE by current

meters and CTDs , stated that the two sets appeared to agree within ±10 M° C.
Our best guess as to the achievable accuracy of absolute temperatures

with the VACM then, is perhaps better than ±10 m° C but no better than

±4.5 m° C.
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Appendix I

Some Useful Numbers

Some useful information is summarized in Table I-i.

Column 1 - The seven nominal temperatures at which we monitor ther-

mistor and V/F converter characteristics.

Column 2 - Nominal resistances at these temperatures of the YSI
- . 44032 thermistor.

Column 3 - Nominal dT/dR for YSI 44032 thermistors.

Column 4 - Nominal period of the V/F converter output signal for

the Column 2 resistances. Our V/Fs are normally adjusted to agree with

the nominal periods within ±.0l ~is at 74,440g.

Column 5 - Some typical VACM recording intervals.

Column 6 - Numbers of counts which would be accumulated during the

various recording intervals with thermistor resistances of Column 2.

Column 7 — Temperature resolutic n due to 1 count resolution in the

total counts.

Column 8 - Uncertainty in temperature due to uncertainty in either

P1 or P2 of ±1 ~is.
Column 9 - Accuracy requirement for P1, P2 for a ±1 m° C accuracy

in temperature .

Columns 10, 11, 12 - Accuracy requirements in A, B, C thermistor

constants for ±1 m° C temperature accuracy. See Section 5 for definition

of A , B, C.
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Appendix II

CALIBB Program

Included in this appendix are a description of the CALIBB program,

a listing of the program, and an example of input and output data from

a calibration. CALIBB was written using Xerox FORTRAN IV and contains

some statements which are not compatible with other versions of FORTRAN IV.

I

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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CALIBB , 1

NAME : CALIBS

TYPE: Main program — processor

PURPOSE: To process thermistor calibration data

MACHINE: XDS Sigma 7

SOURCE LANGUAGE: Xerox FORT RAN IV

PROGRAM CATEGORY: Uti l i ty

DESCRIPTION:

CALIBB was written to fit thermistor calibration data to the
equation

l/T = A + B*LN(R) + C*(LN(R))**3

where T is absolute temperature in °K and R is thermistor
resistance.

CALIBB provides a choice of three inputs;

1. Direct values of temperature and corresponding thermistor
resistance.

2. Output of a Guildline bridge connected to a platinum resistance
thermometer is converted to temperature. Thermistor resistance
has corrections applied for lead resistance and bridge dial
resistance.

3. Output of a Mueller bridge connected to a platinum resistance
thermometer is converted to temperature.

The result of all three types of input data is a set of temperatures
and thermistor resistances for each thermist~ir. These are then
fitted to the above equation by the method of least squares. The
resulting A , B, C constants are used for computing temperature
from thermistor resistance.

CALIBB was written particularly to process the calibration data
produced by K. Schleicher and A. Bradshaw for Buoy Project ther-

* mistors used in current meters.

INPUT: By cards

For each batch
Card 1 is the same for all three types of input data.
1 card - Batch number , type of input (DIRECT , GUILD ,MUE LL), number

* 
of thermistors in batch, number of nominal temperatures
per thermistor , date of calibration, source of calibration data

(T7 ,13, T16,A4 , T36 ,12 , T5l ,12 , 2X ,A2 , 1X ,A3 , 1X ,A2 , lX ,3A4)

__ _
~~~~~
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CALIBB ,2

Type 1, Direct

For each thermiEtor

• 1 card — Header card - thermistor number , batch number
(P13 , 14 , P25 , 13)
1 or more cards - Data - 4 pairs of temperature ,resistance
(4(2F ))

Type 2 , Guildline bridge

For each batch

1 or more cards - list of thermistor number in calibration
batch in order of subsequent data appearance
(161)

1 card - Platinum probe identifier , zero ratio of bridge
(T9,A4, T25,F)

For each nominal temperature

1 card - nominal temperature , data date , ini tial bridge
ratio, volts across thermistor , number of book containing
original data , page in book

• (T9,F4.l, Tl4,3A4, T36,F, T52 ,F , T631, T74 ,I)

1 or more cards - data pairs consisting of position in bath,
bridge ratio , and uncorrected resistance
(T8 ,12, TlO ,2F)

Type 3, Mueller bridge

For each batch

1 or more cards - list of thermistor numbers in calibration
batch in order of subsequent data appearance
(161)

For each nominal temperature

2 cards - nominal temperature , data date, zero error of bridge ,
volts across thermistor , book containing original data, page
in book
(T9,F, Tl3,3A4, T34,F, T52,F, P63,1, T74 ,I)

1 card - NRMLIM A ,RVRS1MA ,RV RS14MA ,COEFF ,RZERO (For definitions
see program listing)
(T9 ,F, T26,F, T44 ,F , T59,F , T73 ,F’.

For each thermistor

1 card — data for this nominal temperature; BRIJN1MA ,NU LLN1MA,
BRIJR IMA , NULLR 1MA , BRI JM14MA ,NULI3414MA , RES
(T9 , 7F)

~ 
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CALIBB , 3

OUTPUT:

For GUILDLINE or MUELLER input

Printer: Lis~.ing of computed p
latinum resistance temperatures and

corrected thermistor resistances by nominal temperature

for data validation

Card punch : Temperatures and resistances for each thermistor
for data archiving —

For all three input types

Printer: Listing of A ,B ,C constants and statistics of fit for
each thermistor

Card punch : Three duplicate cards for each thermistor containing
thermistor number , batch number , calibration data , A ,B ,C
constants, temperature RMS residual (measure of fit)

USEAGE:

For processing using the source deck

!LIMIT (TIME ,2 ) , (CORE ,20)

!MESSAGE PUNCHES CARDS

!INTERP FULL

!FORTRAN LS,GO

!LOAD (GO), (UNSAT ,(3))

SOURCE DECK

RUN

!DATA

DATA CARDS

RESTRICTIONS: None

STORAGE REQUIREMENTS: Not applicable

• SUBPROGRAMS REQUIRED : None

OPERATIONAL ENVIRONMENT: CP-V Monitor

TIMING :

Batch of 24 thermistors and 7 nominal temperatures requires about
3.9 charge units when run with the source deck , 2.2 charge units
when run with an objec t deck

.-~~~~~~~ . ~~~~~
-
‘. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ••~~~
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CALIBB , 4

ERRORS AND DIAGNOSTICS:

1. NUMTHERI4 TOO LARGE
Number of thermistors on first data card greater than 25

2. NUMNOMTEMP TOO LARGE
Number of nominal temperatures on first data card greater than 10

PROGRAMMER: R. E. Payne

ORIGINATOR: Buoy Project

DATE: August 1976

REFERENCES: None

I
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I • C......................*...*.*.......................................e,...~~~*..*
‘• C
3. C PR~4~3-~AM CA LT~~~

C ~Y ~ • PAY~~ E~ AL

~~
. C S PT ~~r1B~~4.~ 1q 76

6’ C
7. C••••••••••••  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C C A LI~ FITS A S~~r ~F T E ~~M 1 S T ~~ C A L I B R A T I ON DA TA ~~~~ ~‘~E E~~UATYON
13. C 1/T.A LN(fl+C* (LN (R) *3), CAL IB PERFORMS TI.Ic r~ LL~ W 1 N G  T A S K S :

• 11’ C 1 ’ READS T~ E I NPUT DATA
12. C ‘. COMPUTES TEM~FRA1UWES FRSM TWE DLAfl’ItjM R E S I S T A N C E  TWE~~MCMETE~ ( PRI )

• 13. C ~WID5E PEA0I~~GS A ND ~‘W!NTS 8UT T~
4( RESU, TING R/~’ VALUES FOR DA TA

t~~. r v A L ~~~AT~~~’.4. P R O v I S I O N  IS MAD F FO~ IN P u T ‘~F R ,T  D A T A  D I R E C T L Y  ;~CR TA S( 3
15’ C 3. i-i TS T4

~4E Rh D A T A  TO TH ~ ABOVE ~DUAT !ON AN !) eU T P U T S  T ’ E  RES..J~.TS or
16. C T~4E FIT  FOR c-ACM IND IV IDUAL T ERMISTOR .
17. C
~~~ . C ~RD!NA RILY , CA L tB RA TT~~N MEASURE MENTS ARE MA DE ø~-~ ~~ TI4ERM !S1~~QS AT S~ V~~N

19. C TEMPERA TUR ES, kI~ M~ NALLY 0.30 C A~ 5 C I NTERVALS ,

~~~~ c
~~~~~~ 

C ~OTW A MUELLFP AND & GUILULINE 4~WID (E ..4A VE “€E~ 
U S )  TO MEASURE T~~E ~Ry

22’ C ~~ S!STANCL ALT’-4~ L3G’~ 8N~..Y ~~~ GUILOLINE IS c 3 AT PRESENT . STARTIN3 ~ IT 4

~3. 
C ~ATC~ 5~ 

C RR EC-r I~~NS ARE AP~’LIL0 W ITM IN T’ E P~~~gRAM FOR LEAD R
~SISyANCE AND

,
~
i.. C ~~ 11)~ E DECADE QFSISTANCES .

~5. C

~6. C -

‘7. C . .e. **e,*~~4..*e. *****•**•**~~***~~e.*.....*.e.**o. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .*••...
P5. C &UTLINE ~F CAL~~3t~ AND SUBROUTINES

• 29. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~Q• C
31’ C W RFAO BATCH NUMBER (BATCNNUM ’I , INPU T S~

URCE TYPE (SMOI , NUMBER CF T.4~~~MISTORS
32’ C IN BATCH ( NIJM T I.4ERM) ,  NUMB~~ ~F ~~

M !NAL ~~~~~~~~~~~~~~ (~‘.JUMNOM TE MP,
33. C C A L I I ~4 RA T I O N  DATE C C A L I B D A T E ) I  PLACE CF DA TA CRYII N ~CALIBRLACE,.

• 

• 
3~~. C •T~~ST F~~R ~~O.F~-JD OF DA TA

C 35, c ~~~~~ Fr~R pFA SRNABL~ VALUES ,F NUMTWERM,NUMNOMT~~MP

36’ C ~TES T GMD F~~ GUILDL INE, ~~ MUELLER BRIDGE , OP )IRECT R,T INPUT

~~~
. C CALL GUILD,MUELL,CR DIRECT

38. C ~FeR EACH TI FRMt ST ~~R
• 39• C CALL ABCF!T

40’ C .CALL PWIN’T~ UT
4j .  C PRINT OUTPUT BF LEAST SW’.JAWES FIT FOR ONE TM FQM !STOR

42. C •CALL ~UNCHOUT
43. C ~UNCW qiT r,ATA POIN TS A ND RESULTS ~F LEA ST SD iARES F1T F0p EACH T.,~~RMI9TOQ
44. C •END
45’ C
46’ C SUBROUT INES r~~p INPUT A ND CONVERSIOP’. or BRIDGE DA TA
47. C GUILDLINE BRIDGE
i,~~ . C SUBROUTINE GUILD
49’ C *READ THERMIST OR BA l M  SEUUE NCF NUMBERS (THERM!!))
so. C .READ P~ eM~ • w 4.I I CN PLAT INUP’ PROBE USED, BRAD .8 PAD SW& w , BUOY.BJCY LAB 3
5j .  C AND PP~~B~ 4

~~IDGE 
RATIO AT ~ C A l”.!) 1. M~ (ZERORAT IC )

52. C HFOR FACW NCM7 NAL TE l’~PERATURE
53. C *R( AD ! NO M INAL TEMP ~N TEP’P),DATE,BR,DGE RAT IO WHEW PROB( IS AT
54. C MFAS U R LMFNT TL l’~

PERA TUREUNYTRA TIO I VCLTS ACROSS TI4ERMISTOR (VOLTS ),
~~~~. C BOOK ANt) PAGE CF DATA I ”.’ SCWLEICRER,S NOTEBOOK ,

56’ C *FoR FAC”4 TWERMISTW~
-• 57. C SQEAD : BAT H SEUUENCE NUMBERCBA TMID~ ID!CFERENCE BETWECN !‘.4ITRAT !O

~~~~~, C AND ACTUAL BRIDGE RAT !OCDELTRA TIO ,UNCOQRECTED RESISTANCE ,F

59’ C TWER P’YSTCR (URES).
I- 

z~~~~~~~~~~~ - - 

• -• -



60. C ~ TE ST F,R BATC HNUM.GT .Sj  5061. C W Y ES
• ~‘2’ C •CALL RESCO RR

6 3. C CO RREC T ALL T HEpM~ qT~~ RES ISTA NCE S FOR LEA D A N!) ~R !DGE DIA L
64. C RESISTANCE

65’ C ~SE1 
PLATINUM ~~ 00( CONSTANTS

66. C FOR EACH THERMISTOR
67. C COMPUTE PLAUNUM PROBE TEMPERATURE

68’ C •COMPUTE INDIV IDUAL BRIDGE RA TIO
69. C COM PUTE F I w S I  C PP RO X IM A T ION T~ PRT

~~~ C C A LL CALLENDAR
,j .  C COMPUTE ITE RA T IV F LY A C O R R E r T I O N  TO PRT T O YIELD FINAL
72. C CORRECTED TEMPERATURE
73. C OUTPUT DATA FOR VA LIDAT ION
74. C .~ RITF BATCHNUM ,DATE,PTPROBE,VOLTS,ZFRORA T!O,IN !TRATIC ,BOOK ,PAGE,
75. C C.JOM T EMP
76’ C .FOP EACH THER MISTOR
77’ C HW R! T E  BAT HID,T HERM~~D,R A T 7~~,T68,~~pFS, RE5
78. C
79. C MUELLER BRIDGE
so. C SUBRO UTINE MUELL
81’ C R E A D  T H E R M I S T O R  B A T H  SEt~U ENC F NU M BE RS (T HERM! !) )
82’ C FOR E A C H  NOMINA L TE MPERATUR E
83’ C IREA D: NOMINAL TEMP (NOMT ~~MP), DAT ~~,BR~ DG~ ZE RO E R R O R  (Z ERO ERR ) ,
84’ C VOLT S A C Rq 55 THERMIST OR (VOLTS), BOOK A ND PAG E 0F !)A TA IN
MS. C SCHLETCHE R~ S NOTEBOOK , INITIAL BR!DG~- READ ING W I T H  NO RMAL 

~ 
MA

86’ C CURRENT THROUGH PWT AT MEASUR EMENT Tç~4P~ RATURE (NRML 1MA ), AS NRML 1MA87. C BU T W 11H CURR ENT REVERSED (RV PS IM A )  S E NSIT IV IT Y 0F INTE RPO LAT I NG
~~~~

. C NULL RRIDG E RECORDER IN OHMS/CHART ~ ,v IS ION (COEFF), P~ 5~ E
89. C RESISTANCF AT 

~ 
C AND 0 M A CURRENT (PZERO),

90’ C •FOR EACH THERMISTOR
91• ~ RFAD : CHANGE IN BRIDGE SETTINGS FpOM NRMLIMA I N  STEP S OF ,0001CWM

92’ C (BRI JN 1 MA ,, AMOUNT BRIDGE IS OFF NULL W HEN SET AT NRML 1MA. BRIJ 1MA
93’ C IN CHA RT DIV ISIONS (NULLNIM A ), CHA NGE IN BR IDGE SETTINGS rR~~M
94. C RV RS IMA IN ST EPS OF .0001 ~~HM (BPTJ RIMA ), A MOUNT BRIDGE IS OFF

95. C NULL WHEN SET AT RVRSIMA +RRIJR 1M A ~N CHART DIV ISIONS (NLJLLR 1MA ),
96. C CHANGE TN BRIDCi E SETTING S FR~ M RVPSIAMA IN STEPS OF ‘0301 OHM
97. C (BRI,JM I4MA ), AMOUNT BRIDGE IS OFF NULL WHEN SET AT R VRSI4MA ,

98. C BPI,J R 14 MA IN CHAR T DIVISION S (NULI M 14MA ), THERMISTOR RESISTANCE

99’ C ( RES )
100. C •F~ R EA CH T HERMISTOR
101 ’ C COMPUTE PLAT INUM PROBE TEMPERATURF (T65)

102’ C *COMPUTE PRT RESISTANCE
103. C I C OMP U T E F I R S T APP RO X I M A T I O N  T 0 P py
10k ’ C ICALL C A L L E N D A R
j~~~~. C COMPUTE A C O R R E C T I O N  TO F I R S T  PPT I T E R A T I V E L Y
106. C OUTPUT DAT A FOR VALI DA TION
107’ c •w RIT E SA T CHNUM, DAT E.PT PROR E,VO LT S ,RZF RO,Z FROE PR .C OE FF e 000 K,PA G E
108’ C NOMTEMP
139 ’ C •FOR EAC H T HERM IST O R
110’ C w RTI E BATH SEUUENCE NUMB ER,THERMID, PRT RES ISTAN C E( PT RES ) ,T 6PI RES
111’ C .W ETURN
112’ C

- 113’ C D I R E C T  R , T  IN P U T
114’ C • S U B W O U T I N E  D I R E C T
115’ C •F Ow E A CH TH ER M I ST OR
116’ C .READ T HERM!D AND BAYCi.4NUM

P 117. C #f~~R EAC H NONINAL YE MP ERATU W E
118’ C t R E A D :  T EMPERAT URE A ND T HERMISTOR RES ISTA NCE
119’ c .RF.TURN

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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120’ C 51
121. C SEC~ N0 LEVEL SUBROUTINES
12?. C

- 123 ’ C SU B R O UT I NE . C A L L E - N O A P
124 ’ C C A L L E N U A R  C~~ PUT~-S A C O R R E C T I O N  TO THE COTMPUTED PRT TEMPERATURE 3Y AN

125’ C I T I - RA T IV E  TE C H N I U U E  SPE C I F I E D  I N  TH E PRT PR~~ E ‘IAWUAL .
l2ô. C IC~~MPUTE COR RE C T I O N  (CORH ) BASE D ON DELTA (PIT CONSTANT ) AND TEMPERATURE.

- 

12 7. C I S  LESS THAN .00001
1?M. C _C OMPUIE. A NOT HE R CORRECTION (DELTAT ) BA SED ~N THUS FAR CO RR E CT E D
129’ C TEMPERATURE AN!) SOME. CONSTANTS,

130’ C A FINAL T~ 8 
I-lAS B O TH CORRECTIONS !NCORPORATED,

l i i ’  C tRET URN
132 ’ , C
133’ C SUBROUTINE RESC9RR
134. C RESC1iRW CORR ECTS THE THE RM ISTOR RESIST ANCES (IJRES) FOR THE RESISTANCE OF

• 135’ C THE OATH THE RM IS TOR LEADS AND THE BRIDGE DI AL RFSISTAhJCES .
h a ’  C •T E S T  FOR GMD.E (~,4HERBR (E~ BRIDGE )
13/’ C YES.GO TO LE AD RESISTANCE CORRECTIONS
138’  C NO.PROCEFD W ITH GLJ!LOL INE BRIDGE DIAL CORRECTIONS
1 3 9. C •FOR EACH THERMISTOR

1’O’ C JTEST FOR U R F 1S sLT. 100.
t~~1’ C YES.SET CORRECTION E(~UAL 70 o
14 2. C NO.PROCEEt) W I T H  COMPUTING CORRECTION

- -P-’ 143’ C *CALL IIETD?GITS
j44. C WCCMPUTE CORRECTION ~OR EACH DIAL (LEAD 

~ D I G I T S  ONLY )
t~~5’ C *A~~P LY TOTAL CORRECTION T~ URF S, OBTAINING ~ESI~~b ’ C ~FeR EACH THERMIST OR
j47. C tARPLY LEAD CORRECTION TO RES
t~~8’ C WETURN
1~~9. C
1~~0’ C SlJERC~UTI NE GETDIGITS

C GEIDI CiITS CONVERTS A 6 DI GIT ~NUMRER, INTO A 
~ 

DIMENSIONAL ARRA Y, ~STO RE~~.
152’ C WLE RO THE A R R A Y  ‘STORE ’

- 1 ~~3. C ~C’~N V E R T  TH E  ‘~ DIGITS OF THE RESISTANCE INTl A N INTEGER
— 

~~~ C ~ ‘uy THE DIGITS OF TkF~ I NTEGER RFSISTANCE INTO ,STORE,
1~ 5’ 

C WETURN
156. C SUBROUTINE A B C F I T
1~~7’ 

C A BC ~~I T  P E R F O R M S  A L cA S T  SQUA RE S F !, OF THE CALIBRATION D A T A  TO TH E
lbs .  C F U N C T I O N  Y ’A +B *X - ’-C *X *.3
j59. C ~HERE V.1/TAg, XSLOG (RES )
160. C A B C F I T  IS  R U N ON C E FOR EA CH T H E R M I S T O R  IN tHE BATCH
1~ 1’ C t~’O4 EACH NOM INA L TEM”ERATURE

• 162’ C ~COM PUTE MEAN S OF *,Y,x*43
163’ C FOR EACH NOMINA L TEM PERATURE
164 ’ C *SUOTRACT MEANS FROM Et~UA TION TO RE F!TT~ I~ A ND COMPUTE SUMMATIONS
165. C NECESSARY F~~R DETE RM INING R ,C , R E M O V I N G  THE M E A N S R EDUCE S TH E

-
• 166. C P~OUND,FF ERROR.

167’ C MCOMPUTE B,C,A CONSTANTS
165. C F~~4 E ACH N O M I N A L  TEMPERATURE
169’ C tCOMPIJTF ESTIM ATED VALUES OF V AND T (JSING A ,B,C AND X1 AND RESI3UALS
170’ C IWETURN —
17 1. C
172 ’ C S U B R O U T I N E  P R I N T O U T
1 -’3. C PRINT CUT~~U T ~F LEAST SQUARES FIT F~~R ONE TI.IFRMISTOR
114. C *P R I N T  TWERMTD, BAYCHNUM 

-

175’ C PRIN T TIME -~F CA LI B RUNC ICLK),CAL !BDATE ,CA , !$PLACE
- 176’ C *RRINT A ,O,C CONSTANTS 

-

1F 7’  C •PRINT Y,YHA-r ,RESIOY FOR EACH NOM INAL TEMPERATURE
178’ C PW !NT RESIT68STH AT ,RESJDT F~ R EACH NOMINAL TEMPERATURE
j19. C RETURN

I .  
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• 52
180’ C
~si’ C SUBROUT I NE PUNCHOUT

— iee. C PUNCH R,y DATA POINTS AND RESULTS OF LEAST S~ UAPES FIT F$R EACH THE RM ISTOR
183. C •FOR EACH BATC H
is.’ ~ •PUNCH SAtCHNUM.NU MTHIRM,NUMNOMTEP4P ,CALIBOAT(.CALIBPLACE

aCOMPUTE NUMBE R ~F CAROS(HCARDS ) REQUIRED tO HOLD ~aT DATA FOR ONE

18*’ C THERMISTOR A T * P OIN T S PER CAR D
187’ C •F OR EACH THERM ISTOR
jig. C .PUNC W TWEWMIO,BATCUNUPI.CALIBDATE

159’ C •F OR EACH N .Y CARD
190’ C C,MPLJTE THE SUBSCRIPT oF iWE FIRST DATA DA IR ON tH( CAR3 (PA IR I) ,
191’ C AND TH E l AST PAIN(P AIPF )

192’ C iI~ PAI R F ~s GREATER THAN NUMP4 OMTEMP THE N SET PA fRF

1~~3’ 
C EQUAL TO P4UMNOM TEMP

194. C CO MPUTE THE NUMM ER OF N .Y DATA 0A 1 55 TO BE PUNCHED
195’ C ON THIS CARt) (NONCARD)

196’ C t~ UNCH NONCARO ,NGNCARD SETS O~ T6$,RES. AND THERM !D,BAYC Hk4UM

i~ 7’ C IPUNCH 3 SETS OF$
19$’ C tFOR EACH THERMISTOR
199’ C .PUNCH THERM IO,BATCHNUM,CALTBDA TE ,A.l,C.NUMNOM TEMP ,RM SRESIDY

200’ C tRETURN
201’ C
202’ C...*.0*. *0., . .0.*O *.* *~~~~~~ *00*..0. . ...0. 00 .*.0*a *O~~~~~0 O ~~~
203. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
204’ C
205’ C~~ •0000....... ..*0...0..0000. **......000..... .000................0000.....000

236’ C
207’ C PROGRAM CALIW B
20$’ C
209’ C R. PAYNE 9 ~JUL Y 1976
210’ C
211’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
212’ C
213’ WEAL CALIBDA TE I3) , CAL,IBPLACE(3
214’ INTEG€.R BATCWNU M,GMD, ICLK (4)
215’ CALL TOOAY(ICI .K)
216’ 100 REAL) (105,1000,tN0.150) 0A?CHNUM , 0M0. NUM TME RM , NUMNOMT EM p,
217’ $ CALIBDATE,CAL IBPLACE
21$’ I F (NUM TMERM .GT.e5 ) OUTPUT ,NU M TMENM TOO LARGE ,j
219’ $ G~ TO 900
220’ IF (NUPINOMTEM P ,GT.10) OUTPUT NUMNOM TEM P TOO LARGE ’,
22 1’ 30 TO 9oo
222’ IF ( G M D .EO . * MG UI L ) CA LL 3U1L0
22 3’ ~F (GMD.EQ,4HENOR ) CA LL GUILD
224’ IF (GMD ,EQ,4HMUEL ) CALL MUELL
225. IF IGMO .E0.4HDIRE) CALL D IRECT
226’ DO 120 NTH .1,NUMT HERM
227’ CAl.). ARCF IT
225. -CALL PRINTOUT
229’ 120 CONT INUE
230’ I F (000.EQ,4HDIRE) GO TO 100
231 ’ CA LL P UN CHOU T
232’ GO TO 100
233’ 150 C O N T I N U E
2:1*’ 900 CONTINUE
235’ C
236’ 1000 FO RMAT (T7,I3. T 16,A4, T36,12. TB11!2. 2X.A29 j~~~*3. lx ,A2,
237. 8 1X ,3~ 4)
235’ C
239’ C...... • • ••*• •• •• * ~ .00 ***.~~•..*~~* ~~~~~~~~~~~~~ 0~~ * S * •*SS ~ * S*.S*S*~~ *5• S S 0•*  ,S~~ • *•0 *4

~~~~ ~~-‘~--~ 4_~ -~~ ±~~ —~~~~~~~~• 
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240’ C 53
2~ 1’ 

SU~ ROUT IN F ‘)IWECT
2~ 2’ C
243’ C•••.•• . .* *.* .* *  . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S 0*

2~ 4 ’ C
2~ 5’ 

C SUBROUTINE DIRECT ~~ADS INPUT TO CAL IB FROM CARDS . T NpUT IS pRO~ IDE~— 

2~ é’ 
C AS VALUES OF ~REC !SE TEM PERATURE AND RES !STANCF F5P EAC H THERM ISTOR .

2~ 7~ C
2~~~’ C I N P U T :  C A L I o B . N 1l M T ~~~R M , N U M N O M T E M P
2~ 9’ C C A M D S . T H F R M I D , T 8 8 , R E S
250’ C OU T~~U T * CA L t ~~~. T H E W M I D s T 6 B . WES FROM I CALTBRAT, ,N BATCH

• 251’ C
252’ C
2~ 3• C
2”4’ INTEGER ~~~~~~~~~~~
255’ DOUBLE PRECISION RES(1O,25,,T6*(jO,25 )
256’ D~ 200 N T H s ) . N U M T H E R M
2b7. R E AD ( 105 ,2005) T H E R M ! D ( N T H ) ,BAT CI4NU M
258’ READ c j O c . 2 O I O H T 6 M r 4 N T , N T H ) , RE S IN N T , N TW , N N T . 1, N U M N O M T E M p
259’ 200 CONT INUE
280’ WETUR N
281’ C
262’ 2005 FORMA T (T 131I4, T?5,I3)
~63. ?010 FO R M AT (~~ ( ? F ) )
264’ C
265’ C*....*......,..... *0...5.... *..5*...,~ .....**....0.. ... ...*.*..*.*.**.0*.**.*.*
266’ C
267’ SUBROUTINE ;-JIL )

• 268’ C
269’ C........ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2F0’ C
2 71’ C GUILD READS fN QN CARDS PLATINUM TW~ RM~ M~ T~ R BR IDGE DA TA AND THE RM ISTOR
272’ C RESIST ANCES. CO~ R1CTS FOR LEAD AND PRIDGE RES I S TA NCF  (V IA RESCORR ), COMPUTE S
273’ C TEMP ER AT URES FR0 M 

~~~ DATA (V IA C A LLEN~ A R) , AND OUTPUTS BOTH INPU T AND
— 

2~ 4’ 
C COMPU TED DATA FOR V A L I D A T IO N ,

275’ C
276’ C INPUT: CALIBB .N1IMTHFPM ,NUM NOMTEMP ,BA TCI4NUM
277’ C ~ARDS_ THEQM ID,~~TPRO~ E,ZERORATIO ,NO MTEMP. !NTTQ ATIO,VOLTS,BOB~.

PAGE,
278’ C DELTRATIO,URES
279’ C OUT PUT : CAL TM P .TH EWM !0,T6M,WFS (CORRECTED)
280’ C PRINT.BA T CHNUM .DAIE.PTPR OM E,ZEROR A TIO ,,h4ITR A TIO ,VOLTS,BOOK.PA GE,
2~ i,’ C NOMTEMP,THEWM ID,RA TIO,Tô*,RES,URFS
202. C
203’ C .*~~ ** * * * ••

2~ 4. C
R E A L  N O M T E M p , D A T E ( 3 )

2~6’ 
IN I~ GER 000I(,PA GE, PTPROBE,BATH!f l (25 )

207,  D O U B L E. P~~F C !S I O N  UR E SUO ,25 ,AL P I4 A ,D E L TA ,!N! TR A T I O ,Z E ROR A T I O ,
208’ S RAT !O(2~~),DELTR ATIO(25),p7
209’ C

~29o• C
291’ C
292’ REAL ) U05,2101)CTHERMIO NTH ,NTW.j,NUM1WEP P1
293’ REAL) 1o5,p loe ) PTPROBE, ZERORATIO
294, 00 215 NNT.1,NUMNOMTEMP
295’ READ (105,2104) NOMTEMPSOATE ,!NTTRAT!O ,VOLTS.BOOK,PAGE
296’ READ (IOS,21 06)(BATHIO (NTH),DELtR ATIO (NTH),URES (NNT,NTH).
297’ $ NTH.1.NUMTWERM)
295’ C

- 299’ IF (SATCHSJUM ,GT,51 ) CALL RESCORR

- - • -~~ • - - -e -
—- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ .- - ~~~~~~~~ ~~~~~~~~~ ~~~ * ~~~~
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~~~~~~ C
301. C COMPU’E TEMPWRAT URES FROM PL AT IN UM PROBF INP Ut
302’ C
303’ IF (PTPROBE .FQ.4HW4AD) Al.PHA ..00392377 j  DE ).TAs~ .~~~7304’ IF (PTPR,BE .EQ .*MBUOY ) ALPHAS.003926364 a DELTA’i.4966
305. IF ((PTP RO5E ,NE ,4$~ RAD) ,ANO,( PTPRBBE ,NE,4H !!J5y)) OUTPUT

— 306’ $ ‘PTPROBE INCORRECT ’
307’ 00 214 NTe4uj ,NUM T$EWM
308. RAT I ,(NTH ) .!N ITRAT IO .DELTPA T !O (N 1H )
309’ PT .((RAT IO(NTH)/LERORAT IO) .1.00),ALPMA
310’ CALL CALL ENDAR
311’ 214 CONTINUE
312’ C
31 3’ C •.•OUTPUT...
31 4’ C
315’ wR ITE U 05.2190) 8ATCW NUM ,DA TE,~~TpRO~E ,V OLTSJ
316’ $ ZERORA TIO ,fN IT RA T 1O ,BOO~ ,PAGE ,NOM TEMP
3i~~. WRITE (108,2192 )
318’ WRITE(100,2194)(BATHID (NT$),TWERM !D (NTM.II RAT !O C NTH),
319’ $ T6S NNT.NTH .URLS NNTI NTH ,RES NNT,N,H),NTHuI,NUMTWERM )
320. 215 CONTINU E
321’ RETURN
322’ C
323’ 2101 FORMAT (he!)
324. 2102 FORM A T (T9 ,A4 . r25,F)
325’ 2108 FO RMA T (T9,F4.1. T14 ,3A4 , T36.F, ~~~~~~ T6è.I, T75.!)r 326’ 2106 FORMAT (T~ ,!2, T1O.2F

)
327. 2190 FORM A T (IHI.9X ,’BA tCHNUM ’, I~

/
328’ s hO x . ’DAtE DONE.’, 3A4,
329. S 10X,’PTPROBE .’,2X, A4/
330’ • 10X ,’~~OLTS ACROSS THERMS ’, FE ,3/
3i1. • 10X ,’ZERO RAT IOU ’ , F10.6/
332’ $ lOx , ’I N !TRAT IO. ’, F10,6/
333’ •10X ,i800K NUM ~ ERu ,e I5/ 1OX.I PAG FU, , 15//
334. $ 20,’NOM T I4A L TEMPERA TURES ’, F6,2//)
335’ 2192 FOR MAT (~ 9AT R THERM,,T17 ,,PRT ,.T25.,pRT , .t35,,UP.JCORR ,,T*8 ,,CORRI,
336’ •• I0,,T5,,NO,, T16,,NESIST,,T 27,,TEMP, ,T34,,THER M RES THERM RES ,)
337’ 2198 FORMAT (1* , I~’ i~’ 

Fhj’S, F9’*, 2r11’2)
33~~’ 2195 FORMA T 

~~‘ 
THERMISTOR ‘S  14.’ BATC H ‘ . 13. ~~ ,3A4)

339’ 2196 FO RMAT (4 (C 12.4.F$.2))
340’ C
3~ 1 • C.........*..,.......... 5.. *.*.*~ *.5*** ..*.*** ....**0.*** .......... ****...*....*
3~~2’ C
343. SU8WOUTINE MUELL
344. C
3*5. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3~ 6• C
347’ C SUBROUTINE MUELL READS IN ON CARDS pW T BR IDGE D ATA AN D THER MI STOR

345’ C RES ISTANC ES. COMPUTES TEMP ERA TURES FROM PRY DATA (VIA CA LLE P .JDA R), AN D
349. C OUTPU TS BOTH INPU T A ND COMPU TE D DA TA F 0R V ALIDATI ON . ON).” THF BQ A DSW A W PROB E
3~0’ C MA~ BEEN USE’) W ITH THE MU(LL~~R BR IDGE . M UELL !~ FOR H !STORIC~ L DATA ONLY.

3~~i’ 
C THE MUELLER 8RIDGE IS NO LONGER USED ,

3~ 2’ C

~~~~~~ 
C INPUT) CAL!BB.NIJMTHERM,NUMNOMTEMP

as*. C CARDS.TREqM g0,NOMTEMP,DATEIlF ROERReVOL T~
,BOO~ ,PAGE,NPML1M A .RVRS1M Aa

355’ C R VRS1*MA,COEFF.RZEROIB RIJNIMA ,NULIN1MA.BRIJR 1M A,NULLRIMA .
356’ C 9QIJMI8MA .NULLM14MA.R(5

357’ C OUTPUt 1 CALIBB .THER’410,T68,RES

35$’ C PR INT .BAtCM NUM ,D ATE ,PTPROSE ,VOLTS.RZER, .ZEROERR ,COEFF .BOO K , AGE ,

359. C NOM TEM P ,THERM IO, PTRESe Tb$ ,PES

• —-~-- - ;r~~ - - —
- -

- 

~~~~~~~~~~~~~~~~~~~~ •



361’ C
362. C
363. REAL NRM L 1 M A ,NULLN 1 MA (~~5) .NULLR 1 MA (~~5)a NULI M 1 4MA (25),
364’ $ BR I JNIMA (25 ) ,BR I JR1M A (25),BR !%)M I4MA (25 )
365. DOUbLE PREC ISION TO TALN IMA (25) , TOTA LR IM A (2 R),MEANTO T ,SHR ,
366’ $ PTWES(25)
367’ C
368. C •..INPUT...
369’ C3~o’ REA L) ( 1 0 5 .2 * 0 2 ) ( T W E R M I D ( NT t 4 ) , N Y W S 1 9 NUMTWE RP4 )
3’i’ PT PROOE SBRA ’) I ALPMAS .0039257? a OELTA .1’4R7
372 ’ 00 245 NNT u I ,NUMN OM IEM P
373. READ (105.2 406) NOpq TEpqp,D A T~~,~~ER OERR,V ~ 1 TS ,BOOK,PAGE ,
37*. 5 NRM L IM A .RV R S IM A, RVR SI4MA .COEFF .RZERO
375. C
376’ READ (1OS,240$)( I~~~1MA( NTH),N ULLN 1MA (NTM ).0R !JR1 MA (NTM) ,
377. $ NULLR IMA (NtH),8RIJM I4MA (NTH)1 NULLM I4MA (NTW) .RES(NNI,NTH),
378’ $ NTH .1 ,NUM THERM)
379. C
380’ C •..COMPUTE TEMPERATURES F R O M  PRY IN PUT
381. C
302. DO 244 NTH .1 .NU M THEWM
383. TOTA LN 1 MA (NTM) .NRM L I MA •BRIJN I MA (NTM) .NULL.NI MA (NTH).CBEFF
304. TO TAL R1 M A (N TM )U RV R S 1M A BR I~.~R 1M A (NT HI,NULLQ1M A (N Tt4 ) COE FF
305. PiEAN TOT. (TOTALN 1MA (NTH ) ,TOTALR 1MA( N 1w, ) ,2 ,00
386’ C

• 307. S4 R.RvRSI 4MA.R V RSIM A+BR I JM I4MA (NTW ) .NR i ,jR IM A (NTW)
3*0. $ ,(NULLM I4M A (NTH)/1 .4D6.NULLR IMA (N ,H))*COEFF
359’ PTRES (NT$) .MEA NTOT.SHR..000100.ZEROEPR
3~ O’ 

NtJN.!NT(PTRES(NTH)).20
39j. C
3~ 2’ 

IF ((NUN,EQ.5),OR .(NUPJ .GE.7)) PTRES(NYM).PTQES (PJTH).,00001
393’ PT.IPTRES(NTH).RZERO)/(RZERO .ALPHA )
394. CALL CALLENDAR
395’ 2” CONTINUE
396’ C
397. C •**BUTPUT ...
398. C
399. wRITE (108.2490 ) 8ATCHNUM ,OAYE,DTPROBE.V OLTS,RZERO,
400’ $ ZEROERR ,COEFF ,~ OO~,PAGE.NOMTEMP
401. ~R ITE (1- ~5.2A92)
402’ wRITE (10B ,2*94)(NTH,THERMID (NTH),PTPESINTH),T68 (NNY .NTW ) .
*03’ $ RES (NNT,NTH) ,NT~4.j.NUMTHEPM )
40*’ 245 CONT IN UE
405’ RETURN
406’ C
‘07’ 2402 FO RMAT ( 1 6 ! )
*~ 8. 2406 FORMAT (T 9 ,F , T13,3A’, T34,F, T52,C , T63,!. T74 .I/
4 09’ s T 9 sF ,  T26 , F, Tie~~.F, T59,F, T73,F1

• 410’ 2408 FORMA T ( T9,7F )

~11’ 2490 FORM AT (1HI, 9X ,’B ATCHNUMU ’,13/
412 ’ S lOxa ’DATE DONE.’,3A4,
413’ $ 10X ,,PTPROSE.,,2*,A4/

~1*. $t0X ,’VOLTS ACROSS THEWMs~~,F6.3/

~15’ $ 10x,~~RES !STANCE OF pWO 8E AT T.0 OE3REES.I,F9.6/
416’ $ 100, ,LE RO OF BRIDGE’ ,,F9,6/
*17. S IOX ,’COF FF ,COHMS/DI AL DI~ AT IM A )S ’,F9,A /
*18. S IOX , ’0041( NUM~ERu I ,I5,jOX,~ PAGE NUMBER,,,I5/
*j9. S ‘Q ’,qX ,I .JOMI NAL TEMPERA1URE .~ ,F6,2//)

~ 
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2*q2 FORMA T ( ‘  BATH THERM ~T ~ES PT TEMP THERM R ES ’ )

421’ 2*94 FORMAT (10, 13. 17. F~ 1.6. F9.4. F11’2)
2’95 FORMAT ( ‘  THERMISTOR • , 14. I OAT CW ‘ , 13 , 20,1A4)

*23, 2*96 FORMA T (*(F12.4,F8.2))

*~~*. C
425. ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
*26. C
4~ 7. SU ’IROUT INr CALLFN OA R
428 ’ C
429. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘30’ C
*31’ C CALL E NOAR COMPUTES A CORRE CT ION T O T By A N IT E PAT IVF TE CHN I QU E SPECIFIED
~32’ C IN THE MR T PROBE MANUAL.
433. C
~~~~~~ C INPUT : GUILt) 5R MUELL.PT
435’ C OUTPUT) GUILD ~R MUELL.T6$
416. C
4 37’ C ..•.••• .. •

430 ’ C
439. NCOUNT ,j j COR W I5 I  a CORW.0
4
~ 0’ TE M P u PT

RE PEA T 225, WH ILE DAOS (C0001.COPR ),GT,O,0000j

4’2’ CORRI.COQR
‘443. CORRSOELTA*.I100STLMPS(.O100.TEM P.1.1)O)
4*4. TE MPSPT ,CORR
44 5. N COU NTuN CO U N T . 1

‘4*6 ’ IF( NCOIJ NT . G T . 15 )  OUTPUT ‘CA L L EN5A R EUL IA TI ON OOES NOT CONV ERG E,a
447. S
4*8. 225 CONTINUE
449 ’  DELTAT..045r)O..0100.TEMP•(.OIDO.TEMP.IsDO).(TEMP/419.580001.0O)*

• 4
~ 0’ 

5 (TEMP,A3).7400.j.D0)

~~1’ 168 (NNT, NTH) .TEM P .DELTAT
452’ RETURN
453’ C I NPUT
454 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
4~ b . C
456’ SUB WOUT !NF RESCORR
457’ C
458’ C...... *.*... ...... *0.** *5* * *00*~ 5.5**.**.*S,.* *** * ** ****~ *

SSS *S*
459, C
460’ C RESCORR C0P~ ECtS T

HE THER MISTOR RESISTANCES F~~ 
THE RESISTANCE Bc THE 9A TM

46j .  C LEADS AND THE BR IDGF DIAL W ESISTANCF S.
46~~. C
463’ C I NPUT: GU ILD OR MUELL • URES

4 464’ C OUT PUT ) GU ILD OR M~ E).~ •
465. C
*.~

e. C
• 487. C

*60’ RE AL LEADQES(251,80C (ol1o ,j :3)
,469’ INTEGER STORE (6),D!~~,I)LC!M AL S

DAT A LEADRES ,12 (.35).12(.40),
*l j. DAT A BDC/0009 ~Q•s.20.5.2t0D~~).~~~•5~ •5 ),~~(.~ ‘5.5).~~(.5~ .5)D
472. • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
473. S 8(0 D’ ) ) ,3 f10 .5 ) /
4 74 ’  C
475. C ..*ER B~~!’)GF IS USED W I T H  Sf00 SERIES THERMISTO RS. NO DIAL CORRECTI ONS

~ 76. C A R E 
1J5ç. ’) W ITH THF ER MQI~~GE PUT L EAD R Eç ISTA IJ Cr CORR ECTI O NS THE

• *77 .  C SAME. AS ~OR THE L AN D N 3UAR~ ED w HEA TS T PNE ~R!DGE .
*78’ C
479’ IF (GMD.F(~.4WE RI4R) (10 TO 239

~ 

~~~~~~~~ .-..~~ , - 
~~~~~~ ~~~~~~~~
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480’ C
481’ C •.. CORRECT FOR BRIDGE DIAL RESISTAN CES
*02. C
483’ DO 230 NTH.1,NUMTHERM
40*. DCORR.0
40 5. IF (URES (PdNT.NTM).LT.100.) DCORR.0.a

- 486’ S GO T O 236
487. CA LL GETOIGI1’ S
4~~$a MULT.NUMDTGIT.2
489. DO 216 DTG~ 1.3
490’ DCOQRuDCORR.B0C (STORE(0ZØ) .0y~~).~0..p0(jL.T

• 
*91’ 236 CONTI NUE
492’
49 3. 238 CONT INU E
494 ’ C
~95, 

‘ •..APPLY LEAD RESISTANCE CORRECTIONS.
— 496 . C

49 7’ 239 CON TINUE
N TW a I .NUM TM ERM

499. IF (R ES(NNT , Ny H1.LT ,100,1 G$ TO ~40
soo. IF (GM D.F.Q.4~4ERBR) RES (NNT .NT H)S U R(S(NW T ,NTh) I
501’ RES(NNT ,NT H) .RE$(NNT , NT H, .) .EAD RES(NTW ,
5o2. 240 CONTINUE

- 503. RETURN
504. C
sos ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. 506. C
507’ SUBROUTINE G ETO IG ITS
508’ C
509. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5io. C
511. C GE I’ OICII T S CONVERTS A 6 DI GI T  cNuMeER~ IN TO A 

~ 
D1pq~N$IbNAL ARRAy , ‘STORE ’.

512’ C THE VAL UES $F ,STOR r , A RE THE OIGITS ~~~~~ ~ES S T A R TI N G WITH THE HIGHEST ORDER .
• 513. C FOP EXA MPLE, PE55417135 BECOMES)

514’ C ST ORF( - t )u 4  STOR E(4, .1
515’ C STO RE(2 ) u l  ST OR E(5 ) .3
516’ C STO R E(31 57 STORE(6).5
517. C INPUT : URE.S( NNT,N TM )

— 51$’ C OUTPUT) NUMD IG !T ,STOR E
519’ C
520. C
52 1’ C
522’ INt EGER NUMfl IGIT , NUM,D!G IT,T RUP~aCNUM
523. INTEGER BLAN~ /’
524. REA L RID
525’ C
526’ C *..LERO TUE A RRAY ,STORE ,
52i. DO 21 ND X .h ,6
528’ STORE (ND X) SBLAN *

• 529. 21 CONTINUE
530’ R.~~qs (NNT ,NT W )
53 1’ ir R.LT .Ioo.) GO TO 26
532’ C ... MA~ I T~ E 6 D IGITS OF THE RESI STANC E INTO AN INTEGER

533. D.R.100000
534. DECIMALS.0
535’ RE PEAT ~3. W HILE D.LT.Q
536’
537’ UuR-100000
535. DECIMALS .DECIMALS.1
539. 23 CONTINUE

- • ~~~~~~~~~ - 
- 

--  -
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5~0’ C ‘~~~ PUT INTEGER )NTO STORE
541’ NUMSR
542’ DI)31T’7
543’ REpEAT ~5. W H ILE DI C3IT .c3T .O
544. DIGITSO!GIT’t
545. TRUNCNUMSNUM/10
546’ STORE (OIGIT ) .NUM .ITRUNCNUM. 10)
5~7. 

NUM .TRUNCNUM
545. 25 CONTINUE

~*9. NUMDIGZT.6
550’ 26 CONTINUE
551’ RETURN
552. C
553’ C..e4*.**e**.*~..*~~~ *e* ** * * * * * *e* ** *.e ** * ** *~~~~~~~~ * *~~~~
554’ C
555. SUBROUTI NE ABCF !T
556’ C
557. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
55g. C
~~~~~~ 

C ABC’IT PERFO RMS A LEAST SQUAR ES FIT OF THE CAL ,9RAT ION DATA TO THE FUN CTION
560. C Y SA •B *X +C X •3
561’ C WHERE v•t/~. 

XSLBG (R)

562’ C
563’ C INPUT ) CALIBM •TA$,RES,NUMNOMTEMP
564’ C OUTPUT) CALIOB _A ,0,C,YMAT,THAT.RESTDV ,RESIDT,RMSRESTDT
565’ C
566’ C
561’ C
568. REAL RESIDY (j0),RESIDT (10) ,RMSRFSIDT (25 )
569. DOUbLE PR EC ISIO N Y(10)I * (1O),VM EAN ,XMEAN ,X~NEAN .SDX0 K ,SDXDX3 .
57g. S SDxDV .S0x3DxbSDx3DY.0V ,0x.D~3,A 25 .B~~!,C 25 ,YUATU~~ ,
571’ $ TMAT( 10 )
572’ C
573. C •..COMPUTE N E W VA R IABLES AND MEANS .
57~. C
575’ VM EAN.XM EAN. X 3M EANUO .
576. os 302 NNTUIINUMNOMTEMP
517. ~‘(NNT) .t.00,)T6$INN TIN TH ).273.I!DO)
57$’ X(NNT).DLOG(RES(NNT,N,W))
579. YM EA N UY M EAN +V (NN T )/NUMNOM TEMP
500’ X M EA Nu X MEAN, 0 (NN T) ,NUMHOM TEMP
581 • *3MEAN.X 3M EA N~ (X fNNT ) *•3)/NUMII GMTCMP
502 ’ 302 CON TINUE
583’ C
55*. C •..SUBTRACT MEANS TO AVOID ROUND OFF ERROR fN CURVE FIT

/ S~ 5. C
586’ C •..COMPUT€ SUM S FOR CALCU LAT IN G B AND C CONSTANTS,
507. C -

~5$. S0XL)X .SOKDXI .S000YSSDX 3003 .S0X30Y.D ,
559. DO 304 NN Tu I ,NUMNOM TEMR
590’ U yS y ( N P IT ) SV M E A N
59 j .  0XuX( ’J NT ~~.xM FA N
592. 003U0 (N NT )SS 1.X3M EA N
593. SDzDxsSDiiOx+’)x.Dx
59k. SDXDX3.S’)0001•0Xs0X3

50*0 SD DX V
596 ’ S0X 30X3 ,S DX3 ’ )X3 eOX 3 .DX3
597. SDX3’)Vu5’)X3DV~DX 3øDV
595~ 304 CON T INU F
599’ C

— 
— 

— — ~~~~~ ~~~~~~~~ _
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— ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

59600. C ‘LOMPUTE &,b,C CONSTANTS
601’ C
602’
603. C (NyH )u (sDxoX *sr5x30 Y .sDXoV .soxD~ 3),cSuxDx .cDx3Dx3, SDxDX 3..2)
60*’ A (NTH )$VMEA~J.b(NTH).XME AN.C(~~TH),X3MEAN
605’ C
606’ C •*‘COMPUT~ FSTI~~ATE0 VALUES OF V AN D T US!~~G A,B,C AN D X
607. C
608’ RMSRLSIDT (NTH)ur,,
6D9’ DO 306 NNT .t,NUMNOMTEMP
610’
611’ THAT (NNTI.I.DO/VHAT (NNT).?73.1500

• 612’ WESIDV(NNT)uVHAT (NNT).V(NNT )
613’ RESIDT(NNT).THAT (NNT).T68(NNT.NTH)
614’ RMSRES !DT (NTH)eWMSRESIDT (NTH)+RESIDTCNNY)**?/NUMNOMTEMP
615. 306 CO NTINUE
616. PMSRESIDT (NTH)SSQRT(RMSRESIOT (NTH),.1000.
617. RE TURN
618’ C
619. C*4* .0** e **. **.* . .****.* * *.* **.*,.***,**....**,.,******.*****.* .*,.,~ a* *•
620. C
621’ SUBROU TINE PR INTOUT
622’ C• 623. ~~~~~~~~~~~~~~~~~~~~~ *•***•* I  **.~~** .*e.e* .•. .e..**•*~~***~ •...••.••.•.• •*•*e• ..• • •.•*
624 ’ C
625. C PRINT OUTPUT OF LEAST SDUAR ES F IT  FOR ONE T HE RM ISTO R

• 626. C
627. C INPUT: CALIBB .THE RMID,BATCHNUM ,ICLK .CALIBDATE .A ,B,C,
628’ C V,VRAT,RES !DV,RE S,T65, THAT.RES !DTIRM SRES!DT

• 629’ C OUTPUT : PRINT_ SAME AS IN~’UT
63 0. C
631. C
632. C
633. WRITE (1o8a*000) T~4ERMID (NTH),9ATCHNUM
634 . WRITE ( t O S a o O O 2 )  I CL K , C A L I B D A T E , CAL I B P LACE
635. W R I T E  (t 08 , 400’) A ( N T H ) ,b ( N T U ) ,C (N T I .4 )
636’ WR ITE (108,4006)
63 7’ W R I T E  (10894008 )
638. WR ITE (lr)0,4010) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
639. $ NNT .11NUMNOMTEMP )
640. wRITE (105,4012)
64 1. wRITE 108.4014) (NNT, RES(NNT,NTWI,T60(NNT,NTH).THAT (NNT),

64 ?’ 5 RES!DT (NNT),NNT.1,NUMNOMTEMP )
643’ W R I T E  C 100 ,40 16)  R M S R E S I D T ( N T H )
644 . R E T U R N
645. C
6*6. 4000 FO RMAT (IITHERMISTOR I a 14.’ BATCH) ,~ I,)
647. 4002 FORM AT (‘0 DATE ,F COMPUTER RUN) ‘,4A4/

648’ $ ‘0 CALIB RATION DATE)’, 20 ,A2, lx ’03’ 1x,A2//
649. s ‘ CALIB RATION SOURCE,,, 3A4 )
65g. ‘004 FORM AT (‘0 CALI BRATIO N CONSTANTS ’/
651. $ 509 ’A .1 9 F15.13/
652. ~ 

,0,,~~X ,,B u ’a F15 .13/
65 3. s ‘O’,4x ,’C• ’, F15,13)
654. ‘006 FO RMA T (,,,!5X,~~TA& . E OF R ESIDUALS , ,
655. 4

~~~~ $ FORMAT (,oI,Tl3, 1eBSE R VED~ ,T2$I IEsT!MATE0h J T45l~~~~
S J

~~~
I/

• 656’ S T 6, ’ V ’ , T3 2. ’ V ’ a T~~M, ’ Y ’ )
• 657. 

~010 FOQM~ T (IX’ ISi p15.10’ ?F1 6 ’I O)
• 658’ ~0I2  FORMAT ~,,,Til,~ OBSERVE0 OBSERVED ESTIMATED RESIDUAL’,

659. S Tj49 ’R’ , T26,’T’, T3 7a ’T’, T*7,’T’)

-~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
— -

~ 
-
~ __ :~ ~~~~~~~~~~ ~~~~~~-~~---~~ - -:~~~~~~~~~~~~~~~ ~~~~



ii: 60

660. *014 FORM AT (lx, IS, F13’3’ ‘11’s’ FlO,!, F11.6:
661. 4016 FORMAT ( O 1 ,T33,~~RM3 RCSIDUA L ’,r7,~~,t MOCO ,,
662. 4022 F500AT (14, ‘/ ‘ ,IS. / ‘ 9 A1~~ ‘$‘,A~ , .$,A 2, ‘/ ‘ .E j 3.91 ‘/ “ tt ).9’
663’ S ‘ / ‘st13’9’ ‘, ‘.12.  ‘~~‘ .FS ’2)
664. C
665. C.*.*.S............... *.I. **e ** **..0.*....*.*..5..**..*5...*~~*.5*...*e..... *.
666. C
667. SUBROUTINE PUNCHOUT
66$. C
669. ~~~~~~~~~~~~~~~~~~~~~~~~ •*~~~~~~~~ 5 * S $. $5 * $ W. *
670’ C
671’ C PUNCH CARDS WITH R,y CALIBRATION DATA ~BR FILf R AND Ae B1C CONSTANTS FOR

672. C THERMISTOR INTU~RCOMPARI$ONI ,

INPUT ) CA LI8B(MUELL). 8AT CHNUM.GMDe NUMTHf R~,NUMNOMTEMP.CAL IBDATC.YHC*MID.
675’ C
676. C OUT’UTI PUNCH. SAME AS INPUT
677. C
675. C
679. C -

650. INTEGER NCAROS, PA IRZ, PA IRF,NOPdCAR O
681. C
652. F ~GMD,CQ,*HERBR ) GB TO 504
653’ WR IT E (106,5010) SATCWN UM,NUMTMCRM,NUMNOMT, MP,CA L!BD AT C,
65*’ S CA LIBPLACE
655. NCAROS.NUMNOMTEMP/4.1
636. DO 502 NTMu 1 ,NUM THCRM
657. W R ITE (106 ,5025) THLRM IDIN TH ),BA TCWNUM .~~ L?B0ATE
658. 00 501 N CU I ,N CA R DS
659’ - PA!RII4’NC .3
690 . PA IRF.4 ~NC
691’ IF ( P A I R F ,GT , NUMNB M T E M P ) pA !RF,NUMN$HT[Mp
692’ NON CA RD .P A I RF.P AIRI4 ) ,
693, WRITE (106 5025 ) NON CARD (T6$(JP ,NTH),RES(JP,NT)4),
S94 .  S JPqP A !Rl,PAIRF ) ,THCRM ID(NTH),5ATCh NUM

~95’ 501 CONTINUE
S96. 5~~ CONTINUE
697. 5o~ 

DO 
~o5 ~~1s3WRITE (106,5035)CyH~RM~0CN7M,,BA~CMNUM,eALIIDAT(1A NyH),

699 ’ $ o ( N T H ) , C ( N T M ) , N U M N O M T E M P , R M S R t $ ! D T ( N T H , , N T H , t , N U R T H ( R M )
700. 505 CONTINUE
701’ RETURN
702’ C
~o3’ 5010 FORM AT (,BATCH.,,I3, T12,,GMO,DIRECY,, T,7,,NUMtHERM.,,I,,
704. S 140 , ’ NU M N O M TE MP ~~t , I 2 a 2X ,A 2 , IX ,A3 , IX ,A3, 3A4 t
7~5. 5025 FORMAT 

~ ‘ 
THERMISTOR ‘iI~ ’’ BATCH ‘a 13. •XIA I, 1x9A3 , 1x,A2

‘06’ 502~ 
FORMAT (N (F7.4, 1XIF9.2.  1X ) D  T73a f~ , ,.,.?3)707’ 5035 FORMAT (Is, ‘“,I~

, ‘/ ‘ ,*2, “,A3, ‘“ ,A2 , ‘/‘,E13’9, “ ‘El3” ,
708’ $ ‘~~‘,tl3.’, ‘,“Za. ‘~~‘.FS’2)709’ C
710’ E ND

j

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~ ~~~~ ~~~~~~ -* -—
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bA ICHNUM. 67 69
D A T E  D ONE .  22 JUL 76
PIPROBE. BU OY
V~~LTS AC P~SS THERM. 2 .8’hO
LERORATIO . 2.555259
P’4ITHAT!~~. 2.55!33f~
B~~&K NUMBERS 761
PAGE . 4 1

NOM INAL ¶EMPEl~ATLJHEa .0(~

— BATH THERM PRI PRY UNC~~~R CO~ R

~~ D N~ RESIST TEMP THERM RES THERM 
~ES

1 7 2.5S~ 338 ‘0076 9S04~~’20 ~50~s~~’j~
2 32 2’55533~ ~~~~~~~~~ 

949?7’Oo 9’92~ ’9!
3 iø9 2’5b533~ ~00~~ 95067’oo 95o6~ ’9~
4 132 2’55533~ ‘00~~ 95799’lQ ~~~~~~~~~
5 155 2’55~ 33’ ‘00~~ 

94763.80 9476p’65
156 2’55533~ ~~~~~~~~~ 

95351’13 ~ 535o’oB
7 163 2’55~ 33~ ~~~~~~~~~ 

94615’Oo 946j~~.85
- 

- - 

~g8 2’55533~ ‘~~~77 91i968’j~ 94967’OS
9 1~~ 2’55533~ 

.~~~17 95264.80 95263’75
10 189 2’5 b533~ ~~~~~~~~~ 

95i
~~~’~~0 

9bj7~~’65
-
- ~~~~ 190 2’SSS3V •oc~

77 9b0~ 1~~50 
9
~ 040’45238 2’55b33~ ‘00~~ 95?10’40 95209’3!

13 239 2’55533~ ‘O0~~ 97882.10 97881020
14 240 2.555338 $0078 9~ O’2’4O ~~0~ t ’3~

2~ 2 
2.555338 ‘0078 9549

~~’Oo ~~~~~~~~~
• 16 244 2.555338 

~~~~~~~~~ 
95460. 13 ~

5
~ 5~ ’ü~17 319 2.555338 ‘0078 9511b’Oo 951j3’9~

1~
— i 18 320 2.555338 ‘0078 95j88’4~ 951*7’30

323 2.555338 .00 78 
~5Oi~~’3o 95016’20

2~ 324 2 .555338 .
~ O 78 95j67 .3Q 95166 .20

P1 326 2 .555338 .00 78 95038.80 ~5o37’7o
328 2’55b338 ‘0078 95012’Oo ~~ ol~~’9~23 345 2’55~~31~ 

.~~~7S 95196.50 
~~~~~~~~

24 357 2.555338 ‘0018 95189.00 
~

518
~~’9~

Input data verification page for 00 C nominal temperature
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T H ERM IST O R : 7 B A T C H I  67 70

DATE . OF C~~MPLJT~~R RUNs  14505 SE~ 24,’76

CA LI~ RA TI~ N DAT E :  23 JUL 76

C~ L~ bRAT~~ N SOURCES MHOT

CA LIbR ATIMN CONSTANTS
A. ‘000908784695~

~~ ‘0002250005862

- • C .0 0 0 0 0 01149 649

TABL F OF RESIDUALS

- - - O BS ERV ED  E ST IMA TED  RES I D UA L

V V V
1 ‘0036608938 .003660R901 •‘0000000007
2 •o 0359 52 33 2  .001595’344 ‘0O0ODO~O1?

ISP’ 3 .0035316941 •001531A951 •ooooooooi~‘0034704710 •~~~347~ 4679 ‘0000000031
‘0034113163 •ocY-~4113182 ‘0000000019

6 ‘0033541115 .0033541112 •.000000 ,003
7 .0032988069 •003 295

~~~~O’0 •000000r)000

OBSERVED OBSERVED ESTIMAT ED RESIDUAL
R T I I

4 
1 ~~~5O~~~~~~~’1~~~~0 .3376 .00161 ‘000051
2 74485.250 4.9961 4.99598 •‘oooo9o
3 58736 ’ 75Q 10’0002 1ch.0001S ,3000RE
4 46644-8.753 j 4 e995 3  j~~.99559 .000258
5 37286.250 19’~ 92~ 19.99181 “oo01(~36 29983.150 24’9~ i5 2”~~~15~ ‘000028
7 24255’95~ 29.9899 2~ ’~~ 99o •‘000032

RMS RESIDJAL .126 MDEG

Output page for thermistor No. 7
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Appendix III

CALCOLIN Program

The CALCOLIN program is used to evaluate the calibration data and

compare the results of several calibrations on a single thermistor . Its

use over the last three years has allowed us to determine drift rates

of thermistors, has helped us to detect errors in calibration data, and
to evaluate the consistency of our calibrations. CALCOLIN is written

in Xerox FORTRAN IV.

Following the listing of CALCOLIN is an example of the output of
the program. There are two sets of numbers for each thermistor .

In the first set of numbers , the fi r st four
columns are, respectively, thermistor number, calibration batch number,
r.m.s. calibration residual and calibration date. The numbers in the

following seven columns are derived in the following way. The numbers

at the tops of the columns, at the top of the page, are temperatures

+0 , +5, etc.) in °C. The numbers directly below these are nominal

resistances for this thermistor type at those temperatures from one of

the input cards. The numbers for the individual thermistors and calib-

rations in Table A for each thermistor are the temperature differences

which result from: (1) calculating a temperature using the nominal

resistance at the head of the column and the A , B, C constants for

that thermistor and calibration; (2) subtractin’; the temperature at

the top of the column ; (3) multiplying by 1000 to get the temperature

difference in m° C. The absolute value of one of these temperature

differences has little meaning except to tell one whether an individual

thermistor is within manufacturer ’s specifications or not. Comparing

j  
all the temperature differences at a given temperature for one thermistor

can reveal several things. If the numbers stay quite constant over a

period of several years as in thermistor 122, w~ can say that the

thermistor is stable and the random variations in the temperature

difference give us a good idea of the repeatability of a given tern-

perature in the calibration bath. If the numbers change with time

as in thermistor 131 then we know the thermistor is drifting. If the

temperature differenc .’ increases with time this indicates that the

~ 
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thermistor resistance at the specified temperature is increasing and

vice versa.

The second table of numbers, for each thermistor ,

is an estimate of drift rate of the thermistor together with data which

allow us to evaluate that drift rate. Each row in this second table is

the result of computations on the numbers in the corresponding column

of the first table.

The columns represent :

T - The nominal temperature in °C as in the previous table

N - The number of calibrations performed on this thermistor

TIME - The elapsed time in days between the first and latest calib-

rations of this thermistor

YBAR — Mean of the temperature differences in the previous table for

nominal temperature T over all the calibrations

SEMV - The standard error of YBAR

YINTER -b in the equation

y = a t + b

where y = temperature difference from Table A

t = time in days from the first calibration to the

calibration from which y was obtained and a

and b are the resuL. of the least squares fit

of temperature difference vs. time

SLOPE - a in the above equation; the drif t  rate in in 0 C/day

DRIFT - The dr if t  rate in ~~~~ C/year ; SLOPE * 365

SELF — Standard error of the least squares f i t

VSL - Variance due to the slope of the line

VAL - Variance about the line

CORR - Correlation between temperature difference and time

SELF/SEt-tV - An indication of whether the least squares fit with t ime

variation is better than a simple mean

CAL/VSL - An indication of how important the variance about the

line is compared to the variance due to the slope of the line

1’ - Following the seven lines at nominal calibration temperatures

is a final line with five numbers. These are, respectively,

the overall means of TSAR , SEt-tV and DRIFT, the square
- 

- root of the mean of VAL, and the overall mean of CORR

The final table is a listing of all the input cards.

— . _ 
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Of the two examples shown, thermistor number 126 is stable with

- 
a standard deviation about the mean of ±1 .2 ~~~~ c• Thermistor number 76

is drifting although the drift rate has decreased considerably in recent

calibrations.

a
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fl~~r

1’ ~ CALC~~LIN
2’ C CA LL t JLA TE DELTA TEMPS AT GIVEN RESISTANCES AND LEAST SDUAREc
3. C ~ IT ~~ DELTA TEMPS 10 TIME

C.. P1r~RArlMEP.
P.pAy NE..16 S TF.MBE~ 1q76..

5, D M ~~N~~~~~ N NTP4EI~ M ( 1000)s~~
4-
~( 1000).DAT~~(3, 1090 5,NPTS (j093,a

l~ ESID ( j~~~~),I NU (ll
),~~D(tr t~~

),MB (lO Ol),DTEMP (2S,7),DTEMP l (25)I
7. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ ‘~U~~LE p~~ CT SIO~ RES (7)a ’~PES t 7),NRFSK(7),T(7),

1~j’ ~)A 1A 1/273’ 15 ,27R . 15 ,263 ’ 15 ,2 ‘15 ,293’l~~,2~~~’ iS,303’ 15/
11~ 

C NDA~ 1~ Rtt LJf k MA TCH ~9s DAY I I~~ 1 jAN . 19fl
12’ ‘)A TA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
13. 1 0IOaOs33,s352a373s3799 71O9432I4r~7S 4t6e14-S6.0.4Y7J3151!~9O9 b28I
14’ p 557, 4.~~,673,7O2,7~3.7th.7 ,750,754.795,808.816,82210.9189

iS’ 3 927.9 .970S9~ M91OP6S) .1109I1l24,t’~.1i h1.O .i~ 0*.1221SO.1?99913319
16 ’  ‘4 j 1 4 49 /

17. Ce...,.* .*.F~~RMA T STATEMENIS.*..**....
1M ’ 1010 F~JRMAT (T1o .I1)
19’ 1-012 F~~RMA T ( A ” )
23. in i5 FORMAT (I 4, 1X ,I ? ,1x ,3A 3a 1xa3 Fj3.9 ,1x) ,I2 ,1-~,F5,2 a9~~,2A 15

1020 F~3RMA T (7(F10 .2))
22’ 1110 FA RM AT (‘1 ~,5X ,IT HERMIST~~ CALI PR ATT ON COMP A RIS~ N’,4X ,4A 4 )
23. 1112 F MRM A T 

~
, SLOPF AND DRIFT A RE M fNu~ THE RAT E AT WHICH T!MPERATURE

--K ‘
~~~~ . ç ~O~JL0 A P P F A R ’/ ’  ~~6 CHANGE jF T~~~E T~~ R M T$T ~ R WFRE MOUNT FD 5N ~ CO
75. $NS IANT TEMP ~~i~A T 1 PRE BAD” )

?6. 111~ 
Ft~RMA T (5lX.~~RESISTANCE /TEMP€RA TUREt )

1120 F’~RMA T (4Dx,~~
+O~~,6X, ’+5’s5X, ’*lo~~,~~

(,’+l54.5X, I +?Ol.5X, ‘~~25’’
28. 1 5X ,’+39’)
29. ~~~~ 

F~ RMAT (4x,~~THEP DAY S 6TCH RSDL D AT E  ‘‘7~~~8 .1)

• 
~o’ i i ’~5 F~~RMAT (‘i’)
31’ 1205 FMRMAT (‘0’)
32’ 1213 F O R r~~~~T ( lX ,2 At ,~~~15~~~F 6 .211 X1 A 3 ,7F8.1 ,5X ,2A1)

- 
33. 1215 FORMA T (1~~X.’T 

N TIME YBA R cFM V YINTE~ SL~PE OR !
• 3’~. lET SELF VSL VA L CSWR SELF/ V AL/ ’)

35’ 1216 F0~~M AT (1~~X.’C DAYS MOEG MOEG MDEG ~iD/DA MD/
36. - lYR M~~~G MD2 M32 SE~ V VSL ’5
37. 12 0  F~~Rr 1A 1 (PIX,F9.1,F7.3,20X,F9.3,14X ,F7.2,F6.1)
38’ 1314 FORMAT (t 1 ’ ,4X,4A’4-)

39 131~ 
F~~R M A T  C ’  TM BA DATE A B C

~0. 1 PIS P~ S~
‘1’ 1 3 2 0  F’~

hIMA T (IX ,2A1,1y92I4h1 3 93E15,9,13,F5s2,2X,2A1)

42’
43, M.I~~N1)S0 -

‘44. L.J’l.
CALL -T8r)AY( I CL’( S

‘46 ’  ~~~~~~~~~~ !N~ UT •*•~~ a•* *~~~~

‘47 . C.. 1D9.0 USES O’~Ly G’00 CALI~ RA 1IO~ S 
-

- ~~~~. C•’ !D~~~i USES ALL CAL IBRA TI ON S
F ‘9. W E.A D (13S .1~~10) 106

C.. R~ S ARE RrSTSTANCFS TO ME SUB STITUTE!) TO GET TEM p~RATUR !S

-h i ’ RE AD (1 5.t1?o) (RES (I)i!.j.7) —

C * W ~~!TE 
R AG E MFA I!NG

53’ W R ITE C1-O’slllO) ICLK
. 54. --~R ! T E  C I - ~~~,t 1 1 2 I

-~RIT E. ( i 0 ~~’t i i S )
56. M R !TE (10~~,112’0)

• h7. i-M ItE. (1354,l12b )(RES (!)?I.197)
- ‘RITE C i O*,1205)

•
100 CtNTINUF

F :~ - -

—--4 -.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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C’. l~FA ~) CARt) FPOM CALT B PR M GRA M  75
C.’~ ‘) I -’4 Cr~LtJMN 79 MFANS THERMISTOR WAS PEEN LOST ~Q DcSTReY~ D

62. C” B IN CHLtJMN s~~ M C A N S HAD CAL I B RAT ION
‘3 ’  C’ L !~~C~~~ ENTS I F0~ EA CH NE,~ A .B.C CAR3
6 e .  RFA r) (1~~5,1 ”~15,~~ND s4t)5) .JT4-4ERM (L),NB(L),(DATE (!,L),I.t,3),
65. 1A (L ),B(L) ,C(L),N~~TS(L).HESID (L),MD (L),MBC L

)

6€’  7 F  ( L .E ~ .1) ~J Tk~~~~~M C 0 ) . N T WE R M (1 )J  N !)AyI.NDAY(P-JB (L))
‘7 .  IF ( I D B . Er ~~. t )  G’~ ro ?o~
‘-‘~~~~~ IF (MD (L).E r

~.1k0.OR.MB(L).E~~.1WP) r5~ 10 100
‘9.
7Q. 200 C~ NTINUE
71’ 7F CNTkERM (L ).Nf.NTHER~~(L.j)) ~~ T~ 410
72’ 210 CONTINUE

• - 73. C.. CALCULATE TEMPS FBW G IVE~ ’ RES
— 0~ 400 7 .1, 7

T~.MP.I ./ ( & (L)  .~~~(L 5 .DLOG ( RESt 7)  ) +C (L) .0L03C RESt ~) 5
76’ )TEMP(J,fl.(TFMP.T(I)).10 0
i i .  C” DAYDIFF 75 N~3, PF D A Y S  FROM F!R~~T CALIB. re CALIB .
7M. C..’ UNDER C S!L~~~~R AT I ON

79. 400 C~ NT !NUE
MO ,  flA yt)IFF(j).NDAY (NB (L)) .NDAVI
b~~j .  WR ITE C 1o ~ ,1.210) MD (L),MB (L),NTWERU (L),DAYDIFF (,J),NR(L),
~~2. 

i SI0 (L),t3ATE (7, L),!.1,3),(0TE~~~(J,M),
M
~~1,7).M9(L),M8tL )

~‘3. 
j$j+j

‘ ~l 4~~ LIL+1
(~~~ 10 100 -

C~ J !NC R~ MENTS 1 FOR EACH NE~ A ,B,C CARO BUT RES~ TS W HEN
M i .  C” 1M ER MI S T~~~R NUM B F R  CHANGES

~~~~~~
‘ ~~t)~~ T END.1

~9. ‘410 C-3NTINUE
‘ 90’ W R I TE  (10¾ 1215)

9 1’ -~~~~ ITE C I 0 ~~~,12i 6 )

92 ’
93. C... ...e...LINEAP FIT ~F TEMP D!FFS........e.

VHARM.DRTF~ M .YBAqVARM RA LFH~ CORMIO
— 9S. 30 620 M.t ,i

DO 6 10 g’l.jl
~~~~~‘ 

DT~~M P l ( ~( I 0T E M P (~
( l M )

9~~. 6 1 0  CONTINuE
T~..T(—1).~~73.1co
CALL L !NFTT (0AYD!FF sDTEMPl,JIsTE,Y9A~~~AR ,VALF ,C0R)

1~~~~1• Y0ARM .YM A~~~+YB AR /lI

11?. r)RIFTM .OPTFTM4DRIFT/7.

-
• 1 0 3’  

Y O A R V A R M . Y B A W V A R M + Y B A R V A R / ( 7 . *J 1)

- 
ALFM .ALrM ’4VALF/l.

1JS ’ CiRM.C~~RM+CO~~/7.

13”  620 C~~N T INUE
107. Y~3ARSD.SC~PTtYBARVARM )

A LSU SSG
~
R T ( AL F M)  

-

lr’9• “~~ITE 10¾1220) YBAWM ,YBAWSD,DRIFTM ,ALSD,C~~
M

‘ W R I tE  (10~~~,l205~~

1’~1’ t~ 
j~~-~~.EQ’ 1) ~o TO 1000

• 
.- 11 2’

1 1- :~’ 
\DAY1 .NOAV (NB(L )S

4- . 1114 * ni’~ T ’~ 210
115’ 1000 C~~Nt INU~

4 
. 

- t1~ L’L 1
117.  c” ~ ‘Jr ”UT, I MA G E ~ F IPS.4-3 UT CA W O S

t1~~’ 
-~R !rE (13 5.131”) !CLg

119’ .L~7 5~ (~~~R,i315I

- - -p ~~~~~~~~~~~~~~~~~~~~~~ 
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1- 0. WRITE (1 . 1320)(MD(I),M6(I).N-rHERM(I).P40(I),
12 1.  1 ( U A T E C ’ ( . I ) .~~~~•1  ,3),A( I),8 (1 ).C I ) ,
j 2

~~
. 7 NPTS (I),PES !D(t) .MD (I),MBCI) ,I.j ,L )

1?3. C
1?4. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
125’ C
126’ SUO4-~&UT I’W LI P~IFIT IX ,Y,N ,TE M ,SDVp,VAL ,C ~ W R)

1-7’ C

i~~~. c.. .,..... .,.. ....... ..... •• .•....4... .,... ......... .............. ......
1~ 9’ C
i~~

o. D!M~.NSION X C 2 5) , Y ( 2 5 5 ,T I M E C ?5 )
131’ C COM PUTE MEANS
132’
t33’ ~‘~‘ 100 T.I,N
134 ’ XBAR .XBAR +X (I)/N
135’ Y B A M . Y H A P .y ( I ) / N
136 ’ 130 CONTINUE
137 ’ C COMPUTE SLAPE,YTNTERCE~’T,CORWELATI,N (R),VARIANCE DUE TO SLOPE OF
138 . C L ! N~~

( V SL ) ,  TOTAL VAR IANCE ~~ LI 4-~EA~~ FJy ( VLF )
- K - 139’ SDXUY.S0X2.50Y2.O

00 200 !.I,N
1’41’ !5UXDY.Sfl )Y4CX(I).XMAW).(V (I).YBAR)

• 1’42• 5U*2.SDX2+(*IT).*HA4-l)*2
• 1”3’ SUyé~uSDy2+ (y(T) .yBAW )e.2

14b’ 200 CONTIN’JE

SLfW€.$SDXflY/SDX~
1’46. flRTFT .SL ,PF .365
147’ Y JNT .y~ Aq.SLOPE .XBA W
14 8’ CORH.SPXDY/C (SQY ~ ’S0Y2 )..o.5)
1”9’ VSL .SL)X~)V..’/SUX2
ISO’ C CØ4-’PUTE V AR TANC F A~ ”JT LI NE (V *L) ,STANOARD (RROR ~~ LT NF :AR FIT (SELF )
151’ C AND STA ’JDA~~ ERPO R ~~ MEAN V ALUE (SFMV )

— 
162. C JF VSL IS MUCH ~‘~(ATE’~ THAN VAL THEN SLOPING LINE IS BETTER
1b3• C ~ IT TO OATA THAN MEAN VALUE
jS~~. V AL S O .

155’ 00 300 Iut, N
— - 156’ VALSVAL ,(y (I).VINTER.SLOPE .X (t))..2
- 

- 157’ 300 CON TINUE
— j 58. SELFUS (JPI (VAL/N)

159 ’ SEMV .S(ièRT(SDYVN)
-

- 
160’ TO TIlt..x(N).x (15
i~~~t .

162. 1F (SDY’.flr..OO l ) RSLM SSELF/SEMV
163. RvLMsQ.~

IF (VSL.t~T.o.OO1) RVLM VAL/VSL
11,5 • C*.***•••~~eOU T PU 1•e*ee*~~~**M~~!IE ( 100.1001) TEM ,N,TMTIME,,~ AR ,q(MV,y7N?Eq,
167’ iSLOPE.DQ!~~~.SEL~~,VSL,VAL,C0RR,ReLM,RVLM• 1~~~. 3C’01 FO RMAT (t1%.F4 .r),I3 ,I5 ,F9,3 .F7.1,F1’ ,3,F10 ,I~,F,.3.

• 169. f F7 .3,2F7.~~,F7.*,2FA.3)
170’ W~~TtJ WN

171’ ~ - ‘~-‘
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